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ABSTRACT
The PolyGAIT Conveyor Upgrade Mechanical Engineering Senior Project consisted of the complete design
process to construct an operational “smart” control system for the conveyor belt loop on Cal Poly’s campus.
As requested by project sponsor Dr. Tali Freed, an Industrial & Manufacturing Engineering professor at
Cal Poly, the control system requirements included connecting existing conveyor components together,
such as Radio Frequency Identification (RFID) reader tunnels, photo eye motion sensors, motor powered
rollers, and diverting elastic bands. The main design problem is when packages with RFID tags are moving
at industry high speed (10 ft/s) they are occasionally not scanned by either of the tunnels and thus cannot
be tracked by the user. To solve this issue, the team needed to control the variable speed section to decelerate
when packages are not scanned, and therefore increase the probability of a successful scan in the second
tunnel. If the package passes both tunnels and is still not scanned by an RFID reader, then the package must
be diverted off the main loop to be manually scanned.
The process of creating a solution first involved extensive research on effective control system modules
that would operate within the conveyor specifications. This research allowed for the creation of a conceptual
design for the complete system, where each hardware component was then purchased, connected, and
configured to serve as a complete verification prototype. Another component of the final design was the
creation of the control program in LabVIEW, an application that intakes signals from the PLC, makes
programmatic decisions based on those inputs, and sends output signals back to the PLC to control the
variable-speed motors and diverting bands. Extensive testing and iterating of the program design ultimately
resulted in a successful “smart” control system for the PolyGAIT conveyor loop.
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INTRODUCTION
The proposed design challenge consisted of implementing an upgraded control system for PolyGAIT’s
Radio Frequency Identification (RFID) enabled diverting conveyor loop on the Cal Poly campus. For the
purpose of building a “smart” conveyor, the main goals of the project were to move, track, and divert parcels
on the conveyor based on whether or not the parcels were successfully scanned by the two RFID tunnels.
Our control system should be able to regulate the speed of the back portion of the conveyor to increase the
probability that a package is scanned in the second tunnel and divert packages if they are not scanned by
either tunnel. The completed conveyor control system can then be used for research and testing of RFID
tracking technology in distribution processes.
The objective of the Senior Project Report is to integrate the previous three reports in addition to the newest
written report. Each document is listed below by part, followed by a short description:
I.
II.
III.
IV.

Scope of Work – Defines the problem and conveys background research regarding existing
solutions.
Preliminary Design Review – Outlines the selected design direction with supporting evidence.
Critical Design Review – Conveys full details of the design and describes how the chosen solution
will meet all specifications.
Final Design Review – Details the manufacturing and design verification actions completed by the
team.

Each document was prepared separately as the team progressed through each stage of the design challenge.
With the project completed, the four sections were then combined to form the overall Senior Project Report.

The team would like to give a special thanks to those you have assisted throughout the project. Thank you
to Dr. Tali Freed, George Ferrell, Dr. Peter Schuster, Dylan Moreland, David Dohm, Aaron Lee, and Dr.
Lauren Cooper for your support and expertise.
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ABSTRACT
The PolyGAIT conveyor loop, located in the Global Automatic Identification Technologies Laboratory
on the Cal Poly campus, provides a research and testing site for use of radio-frequency identification
(RFID) technology in distribution processes. The conveyor loop needs refurbishing to restore it to a
working state, followed by an upgrade of the control system to enable intelligent controls. The team
developed the Scope of Work through an in-depth analysis performed on the design challenge, involving
research, brainstorming, sponsor interviews, and meetings with our coach. The research evaluated
stakeholder needs, assessed existing solutions, and gathered technical research pertaining to RFID
technology and automation. With these findings, the Project Scope establishes clear goals and steps to be
taken in the design process, outlined by a boundary sketch and functional decomposition tree. The team
also reviewed the significant deliverables to each major step in the process. The Objectives summarize the
design specifications that will be focused on, specifically speed, scan response time, cost, area capacity,
weight capacity, maintenance intervals, and human intervention. The Project Management section
combines the chosen design process and organizational tools that will enable effective planning of the
project.
With the overall goals of refurbishing the PolyGAIT conveyor loop followed by creating a “smart”
control system that will enable testing of distribution processes, this document outlines the tasks
completed to create a thorough project scope and problem definition.

i

TABLE OF CONTENTS
ABSTRACT .................................................................................................................................................. i
INTRODUCTION....................................................................................................................................... 1
Stakeholders/Need Research .................................................................................................................. 2
Existing Solutions .................................................................................................................................... 2
Technical Research ................................................................................................................................. 4
PROJECT SCOPE...................................................................................................................................... 7
OBJECTIVES ............................................................................................................................................. 9
PROJECT MANAGEMENT ................................................................................................................... 11
CONCLUSION ......................................................................................................................................... 12
REFERENCES .......................................................................................................................................... 13
APPENDIX A – QFD House of Quality ................................................................................................ A-1
APPENDIX B – Gantt Chart ................................................................................................................. B-1
APPENDIX C – Preliminary Analysis .................................................................................................. C-1

ii

INTRODUCTION
As a brief overview, the proposed design challenge consists of implementing a new control system for
PolyGAIT’s Radio-Frequency Identification-enabled diverting conveyor loop on the Cal Poly campus
(“PolyGAIT”).

Figure 1. Current state of the PolyGAIT conveyor loop.
The stakeholders of this project include Tali Freed, a professor within the Industrial and Manufacturing
Engineering Department, industry consultant George Ferrell, Managing Director of Operations at Can
Lines Engineering, and automation expert David Dohm, Independent Consultant of Orcutt Systems. Other
stakeholders involved in this project are Cal Poly Corporation, partnered agricultural and produce
companies like Driscoll’s, and manufacturing and distribution companies such as Avery Dennison.
Moreover, professors at Auburn University and the University of Memphis are interested in using the
conveyor for testing purposes. The team working on this design challenge includes Bryan Cordutsky,
Carly Tudor, Carolyn Palmer, and William Schafer, all fourth-year mechanical engineering students
attending California Polytechnic State University, San Luis Obispo. All team members are excited to dive
into learning about industry applications of automation and control systems. William and Carolyn will
implement their previous project management experiences throughout the design challenge to effectively
accomplish the project goals. Through the Mechanical Control Systems class next quarter, Carly and
Bryan will utilize their knowledge to further understand the conveyor system.
The main purpose of this report, the Scope of Work, is to demonstrate to the sponsor and coach the team’s
understanding of the project and its goals. The team will clearly define the problem and explain the
background research, related challenges, and current solutions. Not only will this report convey an initial
analysis of the problem definition, but also an outlined process to be used for solving the problem
productively as a group. Lastly, the Scope of Work will demonstrate that the team has the required
resources and time to take the proper steps toward success.
The sections that follow in this report are:
 Background – Acknowledges the relevant research
 Project Scope – Defines the goals
 Objectives – Plans the design specifications
 Project Management – Describes the overall process
 Conclusion – Summarizes the document and requests acceptance from the sponsor
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BACKGROUND
The PolyGAIT RFID-enabled conveyor system is at the forefront of research and development for
automated conveyor systems. Along with Dr. Freed’s guidance, the team will be collaborating on the
project with George Ferrell and David Dohm. Through discussions with the three experts, the team has
gained a better understanding of the direction of the project. The various stakeholders’ needs and wants
are described below, followed by the existing solutions that align with the goals of this project, and the
necessary technical research that was performed to better understand solving the problem.
Stakeholders/Need Research
Dr. Freed and the two consulting experts, Mr. Ferrell and Mr. Dohm, as well as Cal Poly Corporation,
other academic research institutions, and industrial production companies are the main stakeholders of
this project. Each tier of stakeholders has different needs, and many customer needs were determined
through interviews with Dr. Freed. Following Dr. Freed’s upcoming meetings with interested companies,
the team will have the opportunity to speak with individuals from these companies to gain further insight.
Dr. Freed and the consulting experts’ top wants and needs are to refurbish the existing conveyor, so it can
move, track, and divert packages (Freed). Following the refurbishing of the conveyor, they desire
conveyor belt speed regulation, RFID package tracking, improved automation, and increased safety,
reliability, durability, and ease of use. According to Dr. Freed, the interested companies and academic
institutions are wanting to utilize the PolyGAIT conveyor loop to test the RFID tracking, speed
regulation, and ease of use of the control system to evaluate the use of similar systems in their facilities
(Freed).
Existing Solutions
It is important to learn from previous designs by researching and documenting existing solutions to the
design challenge. People in various industries have employed similar solutions for their manufacturing
process needs. Table 1a and Table 1b illustrate the major types of solutions with descriptions of example
products and patents.
Table 1a. Existing Solutions and corresponding descriptions.
Type of Solution

Name of Existing Solution

Intelligent Conveyor
Control System

CONVEYOR SPEED
CONTROL

Scanning
Technology

AUTOMATED TUNNELTYPE SCANNING SYSTEM
ENABLING AUTOMATED
TRACKING AND
IDENTIFICATION OF
PACKAGES TRANSPORTED
THERE THROUGH
BAGGAGING HANDLING
SYSTEM

2

Description
Method for controlling conveyor speed
based on information about other packages
on the belt using programmable logic
controllers and programmable automation
controllers (Neiser et al.). Logic diagram
included in Figure 3.
Omni-directional barcode scanning
apparatus to track packages and determine
package dimensions. This invention
provides a great comparison to RFID
technology used for scanning packages in
any orientation (Good et al.). Figure 4
depicts the tunnel system.
Handheld appliances are utilized at the
airport check-in counters and arrival areas.
In addition, scanning devices are applied to
key positions in screening, sortation, and
transition on the conveyor belt.

Table 1b. Existing Solutions and corresponding descriptions.
Type of Solution

Name of Existing Solution

SYSTEM AND METHOD FOR
HANDLING PACKAGES

RFID READER FOR
GARMENTS ON HANGERS
RADIO FREQUENCY
IDENTIFICATION (RFID)
BASED LOCATION
TRACKING SYSTEM IN AN
AIRPORT ENVIRONMENT
Radio-Frequency Identification
Technology for Tracking
BAGGAGING HANDLING
SYSTEM

RFID-BASED SUSHI
MANAGEMENT SYSTEM

RFID PARKING LOT
PAYMENT SYSTEM
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Description
Electronic module device to
“provide a cost efficient and
time efficient system and
method for handling (e.g.,
sorting and/or shipping)
packages” which may utilize
RFID (Stevens et al.).
RFID tags used to track hangers
and garments as they travel
through a tunnel on a rack or
rail, much like how packages go
down conveyor belts (Roth).
Figure 2 depicts the system.
Invention used to track luggage
and other airport assets through
the airport using RFID
technology (Sloan et al.).
This solution involves passive
RFID hardware to identify and
track airport baggage as well as
a cloud-based tracking
application to be used by airport
staff and baggage owners,
retrieving data in real time
(Salman). Figures 5 and 6 depict
the data flow for baggage
handling to the passenger.
This technology works to
accomplish inventory control,
quickly replenish plates on the
conveyor, promote food safety,
and enhance service quality
(Ngai).
This method of parking lot
payment uses RFID to scan cars
and keep track of cars entering
and exiting the parking lots, all
while managing payments
without having to pay in person
(Pala).

Table 2 showcases several images that correspond with existing solutions in Tables 1a and 1b, adding
context to the solution descriptions.
Table 2. Existing solution figures to accompany descriptions in Tables 1a and 1b.

Figure 2. RFID readers on
garments through tunnel (Roth).

Figure 3. Controller Flow Chart
for material handling and speed
changes (Neiser et al.).

Figure 5. "System architecture of aircraft
passenger baggage handling system” (Salman).

Figure 4. Automated tunnel
omni-directional barcode
scanning system (Good et al.).

Figure 6. "Data flow and system implementation"
(Salman).

Technical Research
RFID Technology
Several areas of technical research needed to be completed to ensure success throughout the project.
Some areas will include more research in conjunction to learning through work with the sponsor. One
focus for the technical research revolved around RFID technology: why and how it is used in the modern
world.
RFID tagging is used in a variety of industries, such as toll lanes in transportation, animal tags in farming,
and inventory in hospitals. However, only recently have large companies taken another look at how RFID
4

tagging could improve their supply chain and inventory control as the technology has become less
expensive and more available (Witkowski).
There are two types of RFID tags: passive and active. Passive RFID tags cost just a few cents each while
active tags can cost anywhere from $20 up to $100 each (Smiley). Besides the cost, the main difference
between the two is how well and how often the tags are communicating with the antenna. Passive tags
need to be in short range of the antenna to complete the communication signal, while active tags can
communicate with the readers at up to 10 times larger ranges (Smiley). The RFID tags that are used in the
PolyGAIT conveyor system are passive tags. There are 12 individual antenna sensors in the PolyGAIT
conveyor space so that any package in the room can communicate with the control system (Freed).
As mentioned before, RFID is quickly becoming a prominent research and development field of interest
for supply chain and distribution companies. Passive RFID stickers are being widely implemented in
packaging industries due to their convenience and utility.
With Amazon being a major potential customer, it is significant to document how the company currently
manages and tracks inventory. Amazon utilizes a chaotic approach to monitoring the whereabouts of
products, surprisingly leaving fulfillment centers unmarked and unspecified with regards to the type of
merchandise in various sections. When goods enter the facilities, workers simply put them wherever they
find space on a shelf, followed by scanning the items’ barcode and the barcode on the chosen shelf. This
control system allows each of these scanned products to be instantly identified (“Organized Chaos”).
One another note, RFID technology provides the ability to create a large-scale logistics database to keep
track of all packages that come through the facility. It is easy to find out if a package misses a checkpoint
during the shipping process since the tags have individualized serial numbers, which is not the case when
using bar codes, for example (“RFID tracking”). RFID tags are also being implemented into factory
processes. The tags can contain all kinds of information about products and where they need to be on a
shop floor. The tags’ data storage capability continues to evolve while the price of the tags continues to
decrease over time (Qiu).
The conveyor currently includes two RFID tunnels to read the individual tags. Figure 7 is a computergenerated image of how the tunnels look on the variable-speed portion of the conveyor. This image was
gathered from a previous Cal Poly senior project report (Knight).

Figure 7. Image of RFID tunnels (Knight).
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Conveyor Technology
The first goal for this project is to restore the conveyor belt to working order, so it is necessary to
understand some of the basic technological aspects incorporated in the conveyor. When restored to
working condition, the system will include various conveyor types. The first type is the basic belt
conveyor that is useful for slight inclines/declines. Belts take advantage of friction to better support and
grip the packages (“Motion Control”).
Another main section of the system that needs refurbishing is the O-ring conveyor section. This type of
conveyor, mainly used in manufacturing, uses a combination of motors and sensors to move products
effectively. However, the O-ring components become fatigued after a certain number of uses and then
require replacement (“Conveyor Applications”).
While the goal is to enhance the conveyor so it can accelerate, decelerate, and operate at different speeds,
the PolyGAIT conveyor is unique in that it is one of the only loop conveyors that can be tested at high
speeds. Industry standard conveyor speed is around 65 feet per minute (for packages weighing 30 pounds
on average), while the high-speed portion can operate at 10 feet per second, which is why some
universities are interested in performing research on the PolyGAIT conveyor loop (“Calculating
Conveyor Speeds”).
Automation
For successful completion of this project, a basic understanding of automation is required. In
manufacturing processes there are various levels of automation, defined by the “extent to which human
energy and control over the production process are replaced by machines” (Granell). For optimal
performance, many tasks have been taken over by computers, as illustrated in Figure 8.

Figure 8. The relationship between human, machine, and computer in production (Granell).
To make the PolyGAIT conveyor a “smart” conveyor system, a high level of automated controls need to
be implemented. There are many companies that specialize in implementing automated control systems,
and the specific control system that PolyGAIT sponsors are currently evaluating is called the RSLogix
5000 by Rockwell Automation (Freed).
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Inductive Automation provides free software that will need to be implemented to easily read and analyze
data from the package scanning and tracking (“One Industrial Platform”). This software can be used in
conjunction with Rockwell Automation controllers to provide an easy way to manage the control system.
Programmable Logic Controllers are used extensively within automation. As PLCs have grown in
popularity, design methods and programming languages have needed to be standardized. This includes
adding formalization, formal specification, and implementation, as shown in Figure 9, to the generic
design process in the outer loop (Frey, 2431).

Figure 9. “Design process for logic control system” (Frey, 2431).
To begin developing the “smart” conveyor control system, an appropriate PLC needs to be chosen for this
project’s application. The Micro800 PLC Family was the first recommendation from the automation
experts (Freed). These controllers “are designed for low-cost, standalone machines,” (“Micro800
Programmable Controller Family”). Each controller has different specifications that may prove to be
useful for this project depending on the number of input/output points that are required and the physical
size.
PROJECT SCOPE
Through conversations with Dr. Freed, a team created a vision regarding the grand scheme of the project.
This is outlined in a rough sketch of various aspects of the PolyGAIT conveyor system, shown in Figure
10. This boundary sketch includes each part of the project that will be developed or incorporated by the
team, from the RFID scanners, conveyor belt, and rollers to the control system, corresponding display and
the high voltage box that is currently attached to the conveyor.
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Figure 10. Boundary sketch for PolyGAIT Senior Project.
Breaking down the final goal of the conveyor’s function into subfunctions provided further understanding
of which functions are included in the scope. This is outlined by the functional decomposition in Figure
11.
Enable testing of smart
distribution processes
Regulate
conveyor speed

Manipulate
parcels

Divert parcels

Track parcels

Communicate
with control
system

Move parcels
around the loop

Scan parcels

Receive RFID
& sensor
signals

Rotate rollers

Power Belt

Figure 11. Functional Decomposition Tree.
The ultimate function of the conveyor is to enable stakeholders to test smart distribution processes with
RIFD and to accomplish this, the conveyor must be able to manipulate parcels through moving, tracking
and diverting them. It must also be able to regulate conveyor speed through communication with a new
control system. These basic functions will allow the project goals of refurbishing the conveyor and
upgrading the control system to be met.
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Within the scope, there are two major goals. First, the current conveyor system needs to be brought back
to working condition. This includes replacing broken or misplaced parts, cleaning up any clutter that has
accumulated since being out of service, and testing the current control system while ensuring all
connections are correctly formed. The conveyor will run at the previously established high and low
speeds and communicate with the command windows to track RFID tags as the parcels move around the
room. The desired completion of the first goal is by the end of Fall Quarter 2021.
Following the conveyor belt refurbishing, the second major goal is to upgrade the conveyor control
system to create a “smart” system. Dr. Freed wants this upgrade to detect when an RFID tag is not read by
the initial scanner, and as result cause the belt to slow down before approaching the second scanner. This
will provide the opportunity for the parcel tag to be scanned again before going around the rest of the
conveyor belt. In addition to the speed control, this “smart” system should be able to detect a large range
of package weights and sizes, be durable enough to handle heavy, large parcels, and store and use
information about the parcels to perform diverting or zoning. The upgraded control system will also need
to support a conveyor speed of up to 10 feet per second. Another aspect of this upgrade will include
increasing the safety of the high voltage and low voltage terminals that are currently cased together. This
is a needed precaution for students and other experimentalists who will use the low voltage terminals in
future tests. These upgrades are desired by the end of April 2022 to allow for testing.
Through the end of the project, the sponsor should expect four major reports to be published by the team,
including this Scope of Work, as well as the Preliminary, Critical and Final Design Reviews. These
documents will encompass the work done along with the completion of conveyor repairs, refurbishments,
and an upgraded control system.

OBJECTIVES
PolyGAIT, the Cal Poly Global Automatic Identification Technologies Research & Development center
on Cal Poly's campus, needs to implement a new control system for their RFID-enabled diverting
conveyor loop. The mechanical components of the conveyor loop first need to be refurbished and restored
to previous working conditions before implementing the new control system. The control system needs to
detect when a package is missed by the first RFID scanning system and slow the system down to increase
the probability that the package gets scanned at the second RFID scanning system. The scanning results
need to then be properly communicated back to the control system to divert it accordingly. Manufacturing
and shipping companies such as Amazon and Alibaba could benefit from this technology. Employing
automated package identification would increase efficiency and decrease manual labor and the percentage
of lost packages.
To begin to understand the direction of the project, the team created a Quality Function Deployment
(QFD) House of Quality (HOQ) to compare customers wants and needs with the necessary engineering
specifications. Appendix A showcases the QFD House of Quality that was curated to the project. Through
discussions with Dr. Freed, Mr. Ferrell, and Mr. Dohm, the team developed a thorough list of customer
needs, as previously discussed. Accompanying this list of needs is a set of engineering specifications
developed to help measure the satisfaction of the customer requirements. Using the HOQ to find
correlations between the customer needs and the engineering specifications, the team found which
specifications were the most important to the project. The top two specifications from this process are
speed and response time. These are significant factors that will be important for the team to meet, as they
correlate with 9 different needs, and strongly correlate with 7 different needs (see Appendix A). Table 4
below shows a few of the other prominent specifications for the conveyor loop.
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Table 4. Engineering Specifications Table
Spec. #
1
2
3
4
5
6

Specification
Description
Speed
Scan Response Time
Cost
Area Capacity
Weight Capacity
Human Intervention

Requirement or Target

Tolerance

Risk*

10 ft/s
+/- 1 ft/s
M
300 msec
Max
H
$2000
Max
M
3ft x 3ft
Max
L
100 lbs
Min
L
Interact with 1 out of 100 Max
H
Parcels
*Risk of meeting specification: (H) High, (M) Medium, (L) Low
**Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test

Compliance**
A, T
T
A
S
A, T
T

The full list of specifications are as follows:
1. Speed: It is important for the conveyor to be able to reach 10 ft/s at top speed because this is
considered the industry standard that distribution centers require. The top speed will be
assessed by both analysis of the conveyor’s components and testing the ability of the
conveyor.
2. Scan Response Time: The conveyor should be able to read a package and send the
information to the control system within 300 milliseconds. This is a starting requirement that
can be altered as testing progresses but will be important to keep track of to assess the
efficiency and effectiveness of the conveyor system. The compliance will be evaluated
through testing the control system to see how reactive the scanning and information
processing is.
3. Cost: The overall cost of the conveyor refurbishing, and control system implementation
should be at most $2000. Dr. Freed specified this as a reasonable out-of-pocket estimate for
the project. However, this target value may change based upon what technology and
equipment the team can get through partnerships and donations from other companies. The
overall cost can be tracked through keeping a record of all expenses throughout the project in
a Bill of Materials.
4. Area Capacity: The area capacity of the current RFID scanning tunnels on the conveyor loop
are roughly 3 ft x 3 ft. Any package with a cross sectional area less than this should be able to
be moved and scanned by the conveyor.
5. Weight Capacity: Weight capacity is an important specification as it describes the limitations
by the conveyor. If something is too heavy for the conveyor to properly move, the conveyor
will fail to accomplish its main tasks. The compliance of this requirement will be evaluated
through theoretical analysis and testing different parcel weights.
6. Human Intervention: This specification is designed to quantify how autonomous the
conveyor loop ends up being. This is important because the goal of the control system is to
ensure that packages have a better chance of getting scanned without human supervision. The
less human intervention that is needed, the more efficient and cost effective the final product
will be. This will be the main subject of testing throughout the duration of the project. The
testing process involves running ten parcels around the loop ten times and recording the
number of times a human must intervene to ensure a successful scan.
7. Maintenance Intervals: It would be ideal for the conveyor to require maintenance less than
every five years, per Dr. Freed. This is an important specification as it quantifies the
reliability of the conveyor with regards to its long-term use.
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8. Operator Experience Survey: This is a survey for people who operate the machine to
understand the users’ perspectives on the conveyor. They will be asked different questions
regarding the ease of use of the conveyor, the responsiveness, the effectiveness, etc.
A “High Risk” specification is one where it may be difficult to achieve its target value. As seen in Table
4, the specifications deemed “High Risk” are Scan Response Time and Human Intervention. These both
contribute to the autonomous aspect of the project. The ability for the conveyor to work efficiently and
safely while being fully automated is crucial to the success of the project. However, these components
may be difficult to accomplish due to the limited project time and available resources.
PROJECT MANAGEMENT
The design process being employed begins with empathizing followed by defining the problem, ideating,
modeling, and then testing. The first step involves interviewing and beginning to understand customer
needs and wants. The team immersed themselves in the problem through extensive background research
on technical topics, customer needs, and current related products. The team then defined the problem by
combining the background research and experiences with Dr. Freed and the consulting experts to express
the fundamental needs to be solved through the project. This provides a sense of focus and direction while
allowing flexibility in design possibilities. The problem definition has been presented in the Objectives
section and can be revisited throughout the project to ensure the team stays on track, but also to evaluate
if any changes to the problem definition are needed. The ideation phase involves creativity and bringing
new ideas and solutions to the table. Following ideation, the modeling stage will bring the ideas to life
through creating representations of the ideas generated in the ideation stage. Finally, the ideas will be
tested and evaluated for successes and failures. This stage will be the bulk of the project and will be used
to refine the solutions and learn new needs and wants that may pop up through testing different solutions.
This process will not be linear; many iterations will be cycled through to determine the best possible
solution for the PolyGAIT conveyor loop.
Organizational tools have been implemented, such as a Gantt chart, included in Appendix B, and a
Microsoft Teams page for all documents and information to be shared across the team. A OneNote was
also created to keep track of all research and any design notes throughout the project. These resources
enable effective planning to make sure all deliverables are completed in a timely manner and the design
plan schedule is followed.
Our process will be documented for our sponsor and other interested individuals through four major
milestones. The corresponding reports and deliverable dates are presented in Table 5. Other major tasks
leading up to the Preliminary Design review are presented in the Gantt Chart in Appendix A.
Table 5. Key Milestones and Deliverable Dates
Key Milestones
Scope of Work
Preliminary Design Review & Concept Prototype
Critical Design Review
Final Design Review

Sponsor Deliverable Date
October 20, 2021
November 18, 2021
February 11, 2022
June 3, 2022

Leading up to the next key milestone deliverable, the Preliminary Design Review, the team will work to
refurbish the existing conveyor at PolyGAIT and get it running successfully. During this time, ideation,
modeling, and researching of possible controls and new designs will occur as the team prepares to
implement a new controls system in 2022.
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CONCLUSION
The PolyGAIT Conveyor Loop Upgrade proposes a challenge to refurbish the existing conveyor loop on
Cal Poly’s campus and implement an innovative control system that can scan and track packages with
RFID technology and perform necessary accelerating, decelerating, and diverting of packages. The
purpose of this document is to describe the team’s understanding of the project scope and receive the
project sponsor’s agreement.
This report has presented the team’s problem definition that addresses the stakeholders’ needs and wants
and has explained the completed background research on existing solutions and technical challenges, as
well as the plan to continue research and learning throughout the project. In addition, this report has
described the overall project scope, and objectives regarding engineering specifications and project
quality. Finally, the report presents the design process and organizational tools to be used, indicating the
team’s commitment to successful project management.
The sponsor can expect to receive the next project deliverable, the Preliminary Design Review, on
November 18, 2021 which will present the chosen design and the team’s intention with moving forward.
The team will prepare for this next deliverable through ideation, modeling, prototyping, and preliminary
analysis.
To the project sponsor, Dr. Tali Freed, will you agree to the defined project scope presented by this
document and authorize the team’s continuation onto the next step in the design process?

_______________________________________________________
Please sign above for approval.

____________________
Today’s Date
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APPENDIX A – QFD House of Quality
This page in the appendix contains the Quality Function Deployment design tool.

A-1

APPENDIX B – Gantt Chart
The project plan outlined includes all significant milestones as well as tasks completed so far.

B-1

B-2

APPENDIX C – Preliminary Analysis
Two team members team took part in an initial assessment of the conveyor system alongside George
Ferrell. In this meeting, an IO interface was constructed to expand control capabilities of the current
system. It will be connected through an ethernet cord to the voltage box on the conveyor as well as to a
computer. The hardware is depicted in Figure 12.

Figure 12. Assembled IO interface.
In addition to completing this task, George worked to get the conveyor running again. He was successful
in moving packages around the loop, as well as changing the speed to high and low. A couple preliminary
issues that will need to be addressed is the inflation of the diverter air bags, and ensuring the packages
maintain their momentum throughout the gravity roller sections.
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ABSTRACT
This Preliminary Design Review documents the process of choosing a design direction for the PolyGAIT
Conveyor Upgrade Mechanical Engineering Senior Project. From ideation and concept modeling to the
selection of both mechanical components and programmable logic controllers to be used for the conveyor
came concept models that will lead the team to successfully meet the project goals. The team conducted
further research, built Pugh matrices, a morphological matrix, and weighted decision matrices to
determine the best possible solutions.
The team created a concept prototype to showcase the decided concept design by designing a conveyor
system through an online application to perform all the necessary functions. The belt and roller features
were included, along with elevation changes, diverters, and modifications in speed programmed through
the corresponding block diagram.
Justification signifies the next section in the report. The team provided evidence regarding the relevant
criteria to explain how the Programmable Logic Controller (PLC) choice will meet the project’s goals.
Moreover, ladder logic programming methods generated ideas about how the functions of the conveyor
will be properly communicated with a chosen programmable logic controller. Lastly, the team worked
through potential hazards in the design, and discussed a plan for moving forward towards the next
important deliverable and presentation, the Critical Design Review.
After further discussion with the PolyGAIT sponsor and automation experts, the team determined that
efforts will be put toward implementing a LabJack DAQ unit and programming the corresponding
application as opposed to integrating a new PLC.
These actions convey a clearly defined plan to success as the team asks for sponsor agreement in the
selected design direction.
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1.0 INTRODUCTION
The proposed design challenge consists of implementing a new control system for PolyGAIT’s RadioFrequency Identification-enabled diverting conveyor loop on the Cal Poly campus (“PolyGAIT”). It is
important to highlight a few changes since submitting the Scope of Work document. For the purpose of
building a “smart” conveyor and fulfilling RFID needs, speed and acceleration conditions, and a range of
size and weight requirements, one of the major goals outlined in the Project Scope, the team determined
how best to contribute to this challenge. This process involves finding the most reasonable and efficient
programmable logic controller for the future of this project, determining adequate devices to develop a
“proof-of-concept” design, and designing associated conveyor upgrades. These decisions play a
significant role in the Preliminary Design Review, as it has molded the team’s chosen design direction.
The objective of the PDR is to obtain the approval of the sponsor by documenting the process that is
taken, explaining the direction of the team’s selected design, and justifying why this decision was made.
One of the main components of this report is the Concept Development, in which the team performed
processes for concept ideation and selection. The Concept Design section explains in detail the selected
idea, while the Concept Justification provides evidence to prove that the overall concept was the correct
choice. The Project Management section describes the team’s next steps and plan going forward. Lastly,
the Conclusion summarizes the document while asking for sponsor agreement.
2.0 CONCEPT DEVELOPMENT
The ideation process began with the team creating a few “how might we…” (HMW) questions relating to
different functions of the conveyor system. Not only did the team address speed control, human
intervention, and indication of RFID and eye sensors signals, but they also focused on ladder logic,
efficiency, safety, and cost. These questions were used to generate new insight that could be applicable to
either the mechanical aspects of the conveyor, or the control system.
2.1 Conveyor Components Selection Process
After brainstorming over one hundred different ideas for various functions of the conveyor, the team built
concept models during lab to serve as smaller scale, physical representations that could potentially be
implemented into the conveyor. These models provided insight into how ideas could be implemented into
the system and the feasibility of applying them. Appendix A illustrates the ideation models that the team
developed based on the HMW questions and brainstorming sessions.
Using these basic designs along with the relevant stakeholder needs and wants employed in the QFD
process, each team member came up with a Pugh Matrix for one of the conveyor functions. From
scanning parcels and regulating conveyor speed, to indicating RFID and sensor signals and diverting
parcels, each analysis emphasized a particular function of the conveyor. These Pugh Matrices can be
found in Appendix B. The sketches in Table 2 depict the top four concept designs for the basic conveyor
functions.
The results from the Pugh Matrices allowed the team to narrow down the potential concept designs. For
the diverting parcel’s function, the best design improvements were adding blockers or bumpers.
Analyzing ideas of how to slow the conveyor down resulted in models with a gear system and a brake
system. Although these ideas would address the goal of slowing down the conveyor, the Pugh Matrix
revealed that the top ideas were to utilize the variable frequency drive (VFD) or a door blockade to slow
down parcels. With regards to the function of improving RFID signals and communication, the Pugh
Matrix resulted in a light-up voltage box and LEDs on the RFID tunnels being the best ideas. The last
function analyzed was the scanning of the packages, and the outcome of best ideas included changing the
1

position of the eye sensors on the conveyor. All of the ideation models for these separate functions can be
found in the figures included in Appendix A.
Using the best ideas from each of the Pugh Matrices, a Morphological Matrix was created to combine
these ideas into a full system. Table 1 color coordinates four unique ideas for the conveyor and Table 2
includes a sketch for each of the ideas. These ideas are pushed to the Weighted Decision Matrix in Table
3 where the constraints and specifications are rated for each idea. The goal of using these techniques is to
produce one best idea for a concept prototype.
Table 1. Morphological Matrix utilizing each of the top ideas from each basic function.
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Table 2. The leading concept designs for the basic conveyor functions from Morphological Matrix.

First concept idea combining all top Pugh Matrix
ideas including variable frequency drive, eye
sensor placed below conveyor, lights on voltage
box to indicate RFID and sensor signals and
diverting blockers to keep parcels on correct
track.

Second concept idea that includes blockade doors
to stop packages before the second RFID tunnel
when scan is missed, eye sensors on top, lights on
outside of RFID tunnels to indicate RFID and
sensor signals and bumpers to divert parcels onto
correct path.

Third concept idea combining the current speed
switch and diverting mechanism with the raising
rubber bands, eye sensors at the end of the RFID
tunnels and lights on the side of the conveyor to
indicate RFID and sensor signals.

Fourth concept idea combining an emergency stop
button that must be triggered when the first RFID
tunnel misses a scan, eye sensors below the
conveyor, a railroad-type diverting conveyor
track, and a sound system that alerts the user
when the first RFID tunnel misses a scan.

The Weighted Decision Matrix shown in Table 3 displayed a clear winner with Idea 1 which implements
two eye sensors below the RFID tunnels, lights on the voltage box to display sensor signals, a VFD to
control the conveyor speed, and blocker diverters to keep the packages on their specified path. This result
confirmed our thoughts on our top ideas for each function determined from the Pugh Matrices. It is
significant to note that this conveyor concept design is less important at this stage in the project.
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Table 3. Weighted Decision Matrix conveying the strongest idea after taking all criteria into account.
Weight
(%)
Score
Criteria
Move Parcels
11.95
1
Track Parcels
10.69
0.8
Divert Parcels
6.26
0.8
Regulate Conveyor Speed 9.50
1
Easy to Use
8.73
1
Safety
8.71
1
Autonomous
11.95
1
Reliable
9.56
0.6
Durable
9.56
1
Easy to maintain
9.56
0.6
Low Cost
3.56
0.2

Idea 1
Weighted
Score
11.95
8.56
5.00
9.50
8.73
8.71
11.95
5.73
9.56
5.73
0.71
70.12

Idea 2
Weighted
Score
Score
0.6
7.17
1
10.69
0.8
5.00
0.4
3.80
0.6
5.24
0.8
6.96
1
11.95
0.4
3.82
0.2
1.91
0.2
1.91
0.8
2.85
54.64

Idea 3
Weighted
Score
Score
0.8
9.56
0.8
8.56
0.8
5.00
0.4
3.80
1
8.73
0.6
5.22
0.6
7.17
0.6
5.73
0.6
5.73
0.6
5.73
0.4
1.42
53.77

Idea 4
Weighted
Score
Score
0.4
4.78
0.8
8.56
0.6
3.75
0.4
3.80
0.8
6.99
0.6
5.22
0.6
7.17
0.6
5.73
0.6
5.73
0.6
5.73
0.8
2.85
46.00

Outlined in this report is another long-term goal essential to subsequent phases of the PolyGAIT project,
specifically deciding on the best Programmable Logic Controller (PLC). The team spent a substantial
amount of time studying various PLCs, and it is advantageous to consider the different designs for each
function to see what can be implemented for future project upgrades. The analysis leading up to the
chosen Rockwell solution will be important for the future; however, before continuing with any different
conveyor design the team must consider the short-term decision of selecting the proper Data Acquisition
(DAQ) device. This component will be the team’s main focus moving forward as this hardware will allow
the team to program the corresponding application to create a “proof-of-concept” for this stage of the
project.
The team plans on adding the lights in the voltage box as well as employing eye sensors and integrating
the VFD with the upgraded control system. The team also decided that the rotating blockers may not be
necessary to implement at this time. The conveyor system currently has a diverting band section that just
needs to be refurbished and would be simpler than implementing the rotating blockers. A final decision
on this will be made with the sponsor in the near future.
2.2 PLC Selection Process
Below are the top six PLC options considered for future implementation with the conveyor system.
Important specifications for each PLC are described. All the options listed are manufactured by AllenBradley through Rockwell Automation, four of which belong to the Micro8XX series of logic controllers.
First, the MicroLogix820 Controller supports 20 onboard input/output (I/O) ports in its standard form.
Additionally, there are two plug-in modules available for the Micro820 so the PLC can have up to 35 I/O
ports. The Micro820 is modular, meaning the PLC can be connected on a metal rack, or chassis. The
Micro820 supports EtherNet/IP communications, which is a decided requirement for the PLC choice. It is
worth noting, however, that this is the only form of communication supported by this controller
(“Micro800 Programmable Logic Controller”).

4

Figure 1. Micro820 Controller (“Micro800 Programmable Logic Controller,” 17).
The MicroLogix830 Controller features options for 10-, 16-, 24-, and 48-point standard I/O ports, as well
as two to five additional plug-in modules available, creating a maximum amount of 88 possible I/O
points. Like the 820, the Micro830 is modular. The communication methods supported through the
Micro830 are a USB 2.0 port and RS232/RS485 serial ports (“Micro800 Programmable Logic
Controller”). It is important to note that the Micro830 does not support EtherNet/IP which is a
requirement for the chosen PLC.

Figure 2. Micro830 Controller (“Micro800 Programmable Logic Controller,” 24)
The MicroLogix850 Controller supports the highest number of onboard I/O ports when compared to the
other researched PLC’s, featuring 24 or 48 standard ports. The Micro850 is modular as well. With three to
five additional plug-in modules, this PLC can expand up to 192 I/O ports. Moreover, USB2.0,
RS232/RS485 serial, and EtherNet/IP communications are all compatible with this controller (“Micro800
Programmable Logic Controller”).
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Figure 3. Micro850 Controller (“Micro800 Programmable Logic Controller,” 34)
The MicroLogix870 PLC is the largest in size and supports the most amount of expansion I/O ports of
those being researched. Micro870 features 24 onboard I/O ports and can expand up to 340 I/O ports with
3 additional plug-in modules. This PLC is also modular. It includes USB2.0, RS232/RS485 serial, and
EtherNet/IP communications. Additionally, the Micro870 supports two axes with pulse train output
(PTO) (“Micro800 Programmable Logic Controller”).

Figure 4. Micro870 Controller (“Micro800 Programmable Logic Controller,” 44).
Venturing outside the Micro8XX family, a 1756-Series ControlLogix Controller does not have onboard
I/O ports, but instead has plug-in I/O modules which allow for plenty of I/O connections. When choosing
the ControlLogix system, these I/O modules, communication modules, power supply, and removeable
terminal blocks all must be selected individually. The PLC is modular, although needs its own
ControlLogix chassis for implementation with all the modules it comes with (“ControlLogix”). This
option provides a lot of versatility to curate the whole PLC to a project’s specific needs. All of these
components needed to use this PLC must be ordered separately, or together in a “ControlLogix Starter
Kit” (“Rockwell Automation”).

Figure 5. 1756 ControlLogix Controller (“1756-A4K Allen-Bradley.”)
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Another PLC option is the CompactLogix 5370 L1 Series Controller. This PLC has a built-in power
supply, EtherNet port, USB ports, and 16 embedded I/O modules. The CompactLogix 5370 has less user
memory than the ControlLogix PLC and is better suited for smaller, standalone applications. The PLC is
not a modular based solution (“CompactLogix”).

Figure 6. CompactLogix Controller 5370 L1 Controller (“CompactLogix 5370,” 1).
After conducting more research on the various PLC’s available, the options discussed above were
evaluated against one another with the use of newly developed criteria. The new standards included:
1. Ease of communication
a. Does the PLC have multiple options for communication?
b. Does the PLC support EtherNet/IP communication?
2. Easy to learn
a. Is the programming software for the PLC straightforward?
b. Will it be intuitive to learn and use from a student’s perspective?
3. Reliable
a. Is the PLC user memory sufficient for the application?
b. Does the PLC reliably transfer data throughout its life cycle?
4. Easy to maintain/operate
a. How easy is the PLC to set up and run?
b. Does the PLC require intermittent maintenance?
5. Low Cost
a. How much does the PLC cost to purchase?
b. Can it be bought used from a third-party vendor for cheaper?
6. Licensing Length
a. How long does the licensing for the PLC last?
b. Does the license have to be renewed?
7. Adaptability
a. Does the PLC have a sufficient number of I/O ports?
b. Is the PLC modular?
8. Size
a. How small is the PLC?
b. Are the PLC dimensions reasonable enough to be implemented into the existing voltage
box?
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All of the listed PLC criteria were evaluated against one another in a table used for deciding criteria
weight since the QFD House of Quality did not rank criteria for PLCs. Each criterion is ranked by going
down the column and ranking the criterion in the column header against the criterion in the row header.
Ones represent the column criteria being more important than the row criteria. Zeros represent the column
criteria being less important than the row criteria, and a value of 0.5 indicates that each criterion is of
equal importance. The columns are then summed and normalized to receive the weight of each criterion.
A rounded whole number value is then used in the weighted decision matrix.
Table 4. Criteria Weight table.
Criteria
Ease of
communication
Easy to learn
Reliable
Easy to
maintain/operate
Low Cost
Licensing Length
Adaptability
Size
Score
Weight

Ease of
communication

Easy to
learn

Reliable

Easy to
maintain/operate

Low Cost

Licensing
Length

Adaptability

Size

0.5

0

0.5

0.5

1

0

0.5

0

1
0.5

0.5
0

1
0.5

0.5
0.5

1
1

0
0

0.5
0

0
0

0.5

0.5

0.5

0.5

0

0

0.5

0

0

0

0

1

0.5

0

0.5

0

1
0.5

1
0.5

1
1

1
0.5

1
0.5

0.5
0

1
0.5

1
0

1
5

1
3.5

1
5.5

1
5.5

1
6

0
0.5

1
4.5

0.5
1.5

15.63

10.94

17.19

17.19

18.75

1.56

14.06

4.69

Using Table 4, each criterion received a different weight, quantitatively defining its importance to the
PLC decision. Low cost, easy operation and maintenance, reliability and easy communication are the
most important criteria.
Through another decision matrix shown in Table 5, the team found that the Micro820 and Micro850
PLCs best meet the criteria. The team plans to move forward with recommending both of these PLCs to
the automation experts and inform them about the findings. The team may determine that there are
missing criteria or that there are certain pieces of information missing for this application that would
outweigh one PLC over the other. Because both PLCs meet the constraints of having EtherNet/IP
and allowing for modular expansion, these are both acceptable choices for this application. The Micro850
will be significantly more expensive than the Micro820 due to its module add-on capability. The addon capability the Micro850 presents may not be fully necessary for this application, therefore
the Micro820 may be sufficient. These findings and further discussions will be important for future teams
as they work to enhance the conveyor control system through the implementation of the chosen PLC.
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Table 5. Weighted Decision Matrix for comparing the programmable logic controllers.
Constraints

Micro870

Micro820

Micro830

Micro850

ControlLogix

CompactLogix

Y
Y

Y
Y

N
Y

Y
Y

Y
Y

Y
N

EtherNet IP
Modular

Criteria
Ease of
communication
Easy to learn
Reliable
Easy to
maintain/operate
Low Cost
Licensing Length
Adaptability
Size

Weighted
Weighted
Weighted
Weighted
Weight (%) Score Score
Score Score
Score Score
Score Score
Score

Weighted
Weighted
Score
Score Score

16

0.8

12.8

0.8

12.8

0.2

3.2

0.8

12.8

1

16

1

16

11
17

0.6
0.8

6.6
13.6

0.6
0.6

6.6
10.2

0.6
0.8

6.6
13.6

0.6
0.8

6.6
13.6

0.4
1

4.4
17

0.4
0.8

4.4
13.6

17

0.6

10.2

0.8

13.6

0.6

10.2

0.8

13.6

0.4

6.8

0.4

6.8

19
1
14
5

0.6
0.8
0.8
0.4

11.4
0.8
11.2
2
68.6

1
1
0.4
1

19
1
5.6
5
73.8

1
1
1
0.6

19
1
14
3
70.6

0.8
0.8
1
0.4

15.2
0.8
14
2
78.6

0.2
0.2
0.4
0.8

3.8
0.2
5.6
4
57.8

0.2
0.2
0.2
0.2

3.8
0.2
2.8
1
48.6

3.0 CONCEPT DESIGN
The design for the project encompasses additional conveyor components and the pieces necessary to turn
the system into a fully autonomous conveyor. The design direction details the components decided upon
through the concept development process. It is important to describe and illustrate how each of these
components work together in the conveyor system, as well as which ones have yet to be defined.
3.1 Design Direction
The project focuses on four functions: conveyor speed regulation, parcel tracking, parcel scanning,
package diversion, and receiving RFID and sensor signals. The chosen concept designs that address these
functions includes the integrated variable frequency drive, the eye sensors below the conveyor rollers, and
the voltage box signal lights.
The variable-speed section of the conveyor is currently regulated by an existing variable frequency drive.
To make the control of the speed autonomous, the VFD will be connected to the PLC and will
communicate through a gateway device. This gateway device, used to translate signals between the two
devices, will be chosen in accordance with the technical expert opinions at a later date. After configuring
connections between the VFD, gateway device, and PLC, the VFD can be controlled through PLC
programming.
The eye sensors on the conveyor ensure that the parcels are scanned properly. These are to be placed
underneath the rollers before each RFID tunnel. The location of these sensors is ideal for getting close to
parcels on the conveyor without interfering with the parcel’s path. Being underneath the conveyor also
allows for simple cable management of the sensors. The majority of the cabling is under the conveyor so
the eye sensors can easily be routed alongside the existing cabling and will stay out of the way.
Lastly, the effectiveness of the RFID scanning can be monitored with the voltage box light display. This
will indicate which sensors are actively scanning so the operator can be notified visually whether a sensor
is successfully tracking the package movement.
3.2 System Communication
All of the above mechanisms will work in conjunction with each other to operate the conveyor
autonomously through the control system. The PLC will send signals to the VFD to slow the conveyor
9

down, if at the first RFID tunnel, the eye sensor detects the parcel, but the RFID scanners miss the parcel.
This deceleration increases the probability of the parcel being scanned in the second RFID tunnel.
Without the eye sensors, the control system would have no way to determine if the RFID failed to scan
the parcel. The lights placed on the side of the voltage box will help with determining the effectiveness of
the sensors because the lights will turn on when the sensors are triggered by a parcel. Again, if the RFID
tunnel does not successfully scan, the light on the voltage box will not turn on indicating that human
intervention may be required. When the parcels are scanned, their RFID tags will have information about
where the specific parcel needs to go, whether that be back around the conveyor, diverted right or
diverted left. Idea 1 from Table 2 depicts the sketch of the chosen concept design that will be considered
after the control system is developed.
3.3 Concept Prototype
As the conveyor at PolyGAIT already exists as the physical “prototype,” the team focused on accurately
modeling the system using computer simulations. The application chosen for modeling, AnyLogic, was
selected because of the extensive library of conveyor tools helpful for modeling the entire conveyor and
controls. The software also incorporates the connection between the mechanical parts of the conveyor and
the logic of the control system. The team modeled the system and created a video animation that
illustrates the different conveyor aspects. The 2-dimensional and 3-dimensional models of the conveyor
as well as the control logic are shown in the following figures.

Figure 7. 2-D image of conveyor model using AnyLogic software with annotations.

Figure 8. 3-D simulated model using AnyLogic software.
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The yellow boxes in the image depict the parcels that contain RFID tags. The two “stations” (black
rectangles) at the top of the conveyor resemble the RFID tunnels that scan the individual tags. There are
also three skinny black eye sensors depicted in the 2-D image, one before each RFID tunnel and one
before the diverting station. These sensors communicate with the RFID tunnels and the diverting
turntable. The key components of the model itself are the variable speed rollers and the parcel diverters.
The variable speed portion will operate at 10 ft/s while parcels are successfully scanned by the first RFID
tunnel. However, if the parcel is not scanned in the first tunnel, the conveyor will momentarily hold the
parcel in place while slowing the speed to 2 ft/s, then release it. If the parcel is not scanned by either
tunnel, it will be diverted to one of the diverting bins where it will be manually scanned. The controls for
the entire conveyor system can be seen in Figure 9.

Figure 9. AnyLogic block diagram to control conveyor.
There are a few parts of the concept design that have yet to be fully defined, such as the voltage box
lights, the blockade doors, and how the VFD will communicate with the control system. The voltage box
lights are not fully defined, but help the design meet several customer requirements, such as autonomy,
ease of use and safety. Since the current elastic band diversion system is already a part of the conveyor,
the blockade doors are an alternative design that could be investigated in the future if the bands cannot
successfully be refurbished. In addition, the recommended PLC will be officially decided on by a future
team. In the short term, the team is instead moving forward with using the current PLC and adding a
DAQ device to meet the control system needs, per recommendation from the sponsor and technical
experts.
4.0 CONCEPT JUSTIFICATION
The goals of this project are to safely and effectively move, scan, track, and divert parcels using RFID
technology and a “smart” conveyor system while remaining relatively low cost and easy to maintain and
use. The concept design for the components of the conveyor apart from the control system meets the
project goals in several ways.
4.1 Current System
Since the current system already has a variable frequency drive installed, the team will utilize this
technology to control the speed of the conveyor section through the RFID tunnels. The current system
uses only a dial that must be turned by the user, so using the control system will increase autonomy, lower
human interaction, and ensure greater accuracy for scans in the second RFID tunnel. Adding the eye
sensor before the RFID tunnels and underneath the conveyor increases the reliability of the system by
providing a way to check if the first RFID tunnel successfully scanned. This will also allow the control
system to slow down the conveyor when the eye sensor triggers but the RFID tunnel does not. The lights
on the voltage box then increase the ease of use for the user by providing perceptible information about
whether or not the parcel was successfully scanned. This can also be used for maintenance purposes but
remains a low-cost solution. Finally, the blocker doors help meet the project goals by increasing safety
and providing an alternative way to divert and move parcels. They will keep parcels on the conveyor in
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the correct orientation, and unlike the current elastic band diverting solution, the doors will not require as
much maintenance. Compared to the current conveyor, the proposed concept design will achieve the
project goals with the installment of a new control system.
4.2 Control System
An effective control system is required for any of the concept design to succeed in achieving the project
goals. From the PLC decision matrix, the team decided that the best PLC for this project would be the
Allen-Bradley Micro820 PLC. This PLC provides an adequate amount of input/output terminals while
remaining relatively inexpensive when compared to the other PLCs that were considered. It also supports
various types of communication including Serial, USB, and Ethernet/IP, which is highly recommended by
the technical experts assisting with this project (“Micro800 Programmable Logic Controller”). It has a
smaller physical size compared to the other leading choice, the Micro850 PLC. This PLC is also plenty
adaptable, having up to 36 I/O ports, and is just as easy to learn and maintain as the other PLCs that were
considered. Figure 10 shows the chosen Micro820 PLC (“Micro800 Programmable Logic Controller”).

Figure 10. Micro820 Programmable Logic Controller Systems (“Micro800 Programmable Logic
Controller”).
The team began preliminary training with ladder logic programming in order to start ideating how the
functions of the conveyor will properly communicate with the PLC. Appendix A includes the team’s
initial ladder logic ideation. Figure 11 is an example of the ladder logic that will be utilized in the PLC
programming.

Figure 11. Ladder Logic Example
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In Figure 11, the top rung is coded to start the motor when the “start button” is pushed, and to stop the
motor when the “stop button” is pushed. The bottom rung is an introductory concept for the RFID
tunnels, where if a parcel is seen by the photo eye sensor at the first tunnel, but is not scanned by the
RFID readers, the motor will switch into a low-speed setting. These are preliminary concepts for the PLC
programming that are not yet fully functional. However, they showcase two of the goals the conveyor
needs to meet in order to operate.
Moving forward, the team will not be implementing the selected PLC, but working to achieve similar
functionality through implementation of a DAQ device within the current control system..The DAQ
device decision will be based on how many inputs and output signals are sent from the application to the
terminator. The experts, sponsor, and team concluded that 11 discrete I/O signals are needed for the
conveyor to perform the necessary functions. The LabJack U3-LV device, shown below, has 16 flexible
I/O ports, a sufficient amount for the project with enough ports to spare for safety. This product is used
for transferring low voltage signals, between 0 and 2.4 volts, which corresponds with the signals being
sent in the current system.

Figure 12. LabJack U3-LV DAQ Device
4.3 Design Hazards
Before the team can fully move forward with the concept design, it is crucial that the team considers
design hazards, risks, and safety plans. After referencing the Design Hazard Checklist seen in Appendix
C, the team must be aware of several potential dangers in the conveyor system.
The rolling sections of the conveyor bring up potential issues of hazardous revolving as well as pinch
points that could harm the operator. The planned corrective action already built into the system prevents
pinching when one touches the rotating metal rollers, as it stops moving in the moment that downward
pressure is added. As the parcels translate along the rollers and through the RFID tunnels, there is a risk
associated with the high accelerations and decelerations of these packages. In addition, the conveyor will
be moving relatively large and heavy packages around the loop. These parcels could weigh up to 100 lbs
and have a cross-sectional area of 3 ft by 3 ft. Thus, it is important to ensure that parcels used on the
conveyor maintain the correct size and weight specifications to mitigate any risk of damaging the
conveyor or harming users.
Moreover, high electrical voltages (greater than 40 V) will be utilized to power the conveyor. Plans for
safety to address this danger includes separating the high voltages from the low with two separate boxes.
The high voltage components will remain locked and inaccessible to users unless maintenance is required.
Another threat to be considered relates to the possibility of the system generating high levels of noise.
This may occur throughout the gravity-roller sections of the conveyor, depending on the size and type of
parcel being transported. Although these sounds are not reaching unsafe levels, it is significant for
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operators to be aware that they may have to raise their voice at times to overpower the volume of metal
contacting other hard materials.
The last significant hazard to note is that it is possible for the system to be used in an unsafe manner by
operators. Providing clear directions for operation along with outlining the standard, required parcel
specifications are necessary to mitigating this risk. Each risk and the corresponding safety plan are
summarized in Table 7 of Appendix C.
4.4 Future Scope
Going forward, the project faces a few challenges. The most pressing challenge is integrating the LabJack
DAQ with the current conveyor control system. This will take visual inspection, movement of existing
parts on the conveyor and in the voltage box, and a significant amount of cable and wire management.
Consultation with the sponsor and technical experts as well as examination of the current state of the
conveyor lab will lead to decision making regarding what is necessary to integrate the LabJack DAQ
properly. The conveyor lab is currently not as organized as well as it could be. Before LabJack DAQ
integration can take place, the lab will need to be organized and cleaned to allow for proper examination
of the lab and conveyor components that will need to be altered.
5.0 PROJECT MANAGEMENT
Developing a successful control system that can be easily implemented into the current conveyor system,
possibly with small modifications, is the goal of this project. To achieve this goal, the team has developed
a plan going forward to enable success.
The team determined the best PLC for this project’s application. After a discussion with the sponsor and
technical experts, the PLC determination was confirmed. Unfortunately, the group also concluded that
implementing a new PLC is not realistic or sensible for the team’s schedule. The experts suggested that
the team focus on upgrading the current control system while utilizing the PLC already in place and
adding a DAQ device. The configuration for the control system can be seen in the architecture diagram in
Figure 13.
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Figure 13. Architecture Diagram of Control System.
For early analysis, the team will perform simulations using AnyLogic, and other online simulators to
optimize the conveyor controls that need implementing. These programs offer risk-free tests and analyses
that can three-dimensionally simulate the chosen solutions. The simulation results will provide insight
towards the actual system.
Immediate plans for the project are centered around purchasing the LabJack DAQ device and
implementing it into the current control system. Part of this process will include the changing and moving
of cabling and wiring of the conveyor and its voltage box. Once details of the plan are worked out,
specific steps will be added to the team Gantt Chart. Once the wiring is complete, the majority of the
efforts will be focused on building and testing the control system application.. The current plan and
outline of the specified tasks is laid out in the Gantt Chart in Appendix D.
6.0 CONCLUSION
The PolyGAIT Conveyor Loop Upgrade proposes a challenge to refurbish the existing conveyor loop on
Cal Poly’s campus and implement an innovative control system that can scan and track packages with
RFID technology and perform necessary accelerating, decelerating, and diverting of packages. The
purpose of this document is to discuss the chosen design and the team’s intention with moving forward.
This report has presented the team’s concept generation, a description and evaluation of the chosen
design, reasoning for why the selected direction meets the project’s needs, and lastly, the next steps to be
taken.
The sponsor can expect to receive the next project deliverable, the Critical Design Review, on February
11, 2022, which will communicate how the team’s final design will meet all the conveyor specifications.
15

The team will prepare for this next deliverable through a system design, justification, proposal for
manufacturing, and design verification plan.
To the project sponsor, Dr. Tali Freed, will you agree to the selected design direction presented by this
document and authorize the team’s continuation onto the next step in the design process?

_______________________________________________________
Please sign above for approval.

____________________
Today’s Date

16

REFERENCES
“1756-A4K Allen-Bradley.” Wiautomation, 2020, https://us.wiautomation.com/allen-bradley/generalautomation/controllogix/1756A4K?utm_source=shopping_free&amp;utm_medium=organic&amp;
utm_content=US104464&amp;gclid=CjwKCAiAvriMBhAuEiwA8Cs5lVMLw9ZwQQbYHv1Kqjt
EuTaoMUPf4S3eJyiZjL_Ujk6zHpbHdxJqvxoCeiIQAvD_BwE.
“CompactLogix and Compact GuardLogix Systems Selection Guide.” Rockwell Automation, September
2020. Allen-Bradely,
https://literature.rockwellautomation.com/idc/groups/literature/documents/sg/1769-sg001_-enp.pdf.
“CompactLogix 5370 L1 Programmable Automation Controllers.” Rockwell Automation, February 2016.
Allen-Bradely, https://literature.rockwellautomation.com/idc/groups/literature/documents/pp/1769pp012_-en-e.pdf.
“ControlLogix System Selection Guide.” Bulletin 1756, Rockwell Automation, August 2020. AllenBradley, https://literature.rockwellautomation.com/idc/groups/literature/documents/sg/1756sg001_-en-p.pdf.
“Micro800 Programmable Logic Controller Selection Guide.” Bulletin 2080, Rockwell Automation,
March 2019, Allen-Bradely, https://literature.rockwellautomation.com/idc/groups
literature/documents/sg/2080-sg001_ -en-p.pdf.
Rockwell Automation. (2021). ControlLogix modules: Allen-Bradley United States. Rockwell
Automation ControlLogix Modules. Retrieved November 12, 2021, from
https://www.rockwellautomation.com/en-us/products/hardware/allen-bradley/i-o/chassis-based-io/1756-controllogix-i-o.html.
“PolyGAIT Center for Global Automatic Identification Technologies.” PolyGAIT, California Polytechnic
State University, 2021, polygait.calpoly.edu/.

17

APPENDIX A – Ideation Models and Sketches
This page in the appendix includes photographs, drawings, and lists of the team’s ideas.

Figure 14. Prototypes designed to preventing human intervention.

Figure 15. Ideas developed for the purpose of slowing down the conveyor.

Figure 16. Ideation models for increasing safety.
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Figure 17. Concept models relating to the receival of RFID and sensor signals.

Figure 18. Ladder logic diagrams for speed and diversion control.

A-2

How might we prevent human intervention? How might we slow down conveyor?

HMW increase efficiency?

Increase speed of belt on side opposite of RFID
Have friction increasing substance drop on belt when
Have more than 2 RFID tunnels
tunnels so packages are going around all of the
RFID doesn’t scan (Slows down package instead of belt)
conveyor quickly
Immediately turn on diverters when both RFID
Increase distance between the current RFID sensors to Use bicycle gear mechanism under conveyor so motor tunnels miss a package so that any package
give conveyor belt more time to slow down
doesn’t slow down just has to move a bigger gear
that’s missed gets diverted to be scanned
manually
Stop contact between the motor and the rotating
Send multiple packages through the tunnels at
Use active RFID tags
elements of the conveyor so the belt doesn't just stop
the same time
but slows down from its original speed
Replace diverting bands with a more durable material
Ensure system communication runs at high
Engage brakes to slow down the rotating components
to ensure diverting packages succeeds
speeds (fast response time)
Ensure high rate of package RFID scans through
scanner positioning and optimal speed
Research more about ladder programming to make
sure program operates in the most efficient way

Put eye sensors in optimal reading position

Decrease variable frequency drive

Make sure eye sensors don't have a chance to be
obstructed by anything

Have output for roller speed on control system

Have control system have input for diverting properly
based on the RFID scan

Trying different ways to incorporate signals into ladder
program

Create barriers around conveyor to ensure no debris
falls onto loop causing errors or misreads

Create cabling system for new sensors that routes cables
away from the conveyor to ensure no errors in cabling

Manually decrease speed on variable speed drive

Support conveyor to ensure packages of many
weights and sizes comply with the conveyor

Implement a device that will straighten packages if they get
Use a different material on the rollers to add friction
lopsided

Increase the max speed of the conveyor

Use a track that packages must sit in as they travel around Add components to the conveyor to make it longer and go
the conveyor
up a sloped curve, so it is forced to slow down
Build a timer into the control system that forces the motion
Add a third tunnel to ensure RFID scanning
to slow down at certain times
Provide a final space for packages to end / renter conveyor Emergency button to stop or drastically decrease speed of
for testing
conveyor

Ensure scanning can occur for multiple back to back
parcels through testing

Robotic arms to help diversion

Extend RFID tunnels in length

Deploy viscous liquid onto belt itself

Add blockers to diverting portion to keep packages from
Add blockers to keep the packages from advancing on
advancing
variable speed portion
Add mechanism with accurate scanner for packages missed
Install brake pads for rolling components
by tunnel sensors
Install large brake pad on underside of belt to increase
Install higher quality sensors
friction

Use control system with quick response time
Build a control system that will be able to easily
support future changes and additional designs

Add more sensors on the tunnels
Smaller RFID tunnels in area
Increase distance between the existing tunnels

Legend
Carolyn
Bryan
Carly
Will

Figure 19. Idea lists for each team member for “How might we...?” questions.
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HMW indicate RFID and eye
sensors missing?

How might we update/change the
voltage box?

HMW Increase safety?

HMW save on cost?

Put clear barrier around all parts of
conveyor

Reuse old components

Loud sound plays when RFID doesn't scan
Make a "floating box" about diverters
but eye sensor does

Decrease incline in elevator section

Utilize lowest level PLC that
has all necessary capabilities

Bright light starts blinking with RFID
doesn't scan

Make a bigger box with separated
compartments for high and low voltage
terminals

Make transition from high speed
section to incline smoother

Develop our own PLC

Confetti shoots in the air when both scan
successfully

Have ethernet plug in at desk and connected
through long wire to voltage box

Lock high voltage box and keep any Use very durable components "Successful RFID scan" message appears
highly used components in a separate so they do not need to be
on display when it gets scanned by RFID
terminal box
replaced often
and eye sensor detects
Create walls around high risk areas (high
risk of package falling off conveyor due to
high speed)
Make voltage box so it does not need to
be opened in order to operate
Create separate voltage box, one for
power supply/electrical cabling, one for
control system inputs/outputs and
connection to laptop
Implement fail/safe sensors that detect
foreign objects on the conveyor
Implement railings/tubing around
conveyor
Set specific ideal specs for the package
sizing (volume, weight distribution)
Build a couple stop buttons that are
easily accessible in the case of an
emergency
Use a locking mechanism on the high
voltage box
Installing taller bumpers for variable
speed portion
Locking high voltage box
Run all wires through conduit
Install a system that alarms user of any
electrical/mechanical problems

Replace current terminal blocks with new
terminal I/O board

Use donated new parts

Using red LED lights near sensors

Create 2 boxes, 1 for power supplies and 1 for
control system

Use parts we can find in the lab

Sending error message to computer running
the program

Update with new control terminal with
ethernet to USB capability

Price compare the PLC and
Stopping the conveyor
program options before choosing
Only order technology we know
Making loud noise to alert operator of error
we are going to use
Use lights on the outside of the voltage box
Change materials to be lower
corresponding to each sensor to show if they
cost metals
are running
Implement colors onto the side of the
Look for different types of PLC's conveyor to show where these sensors are
physically on the conveyor belt
Cheap material for replacing
bands

Tunnels can light up when a package is
scanned

Look through the lab to see if
Depict functioning RFID and eye sensors on
anything can be replaced
the desktop in the proper locations
Use cheapest PLC that includes
Audible "beep" for missed packages
necessary capabilities
Use and clean up existing voltage
Red/green lights for fail/pass
box
Wait until components break
Tangible vibration at computer station
before replacing
Reuse existing parts and
Different colored LED's for eye and RFID
materials

Replace current box with larger box

Add a key code locking mechanism
Add wheels to make box easy to move

Include clearer labels

Add a shelving system
Use glue to attach new I/O controller to the
inside of the existing box
Add a terminal hatch for ethernet plug

Legend
Carolyn
Bryan
Carly
Will

Figure 20. Idea lists for each team member for “How might we...?” questions.
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APPENDIX B – Pugh Matrices
The Pugh Matrices included were beneficial to analyzing the top ideas and how they best meet the
criteria.

Figure 21. Pugh Matrix evaluating the ideas for diverting parcels.

Figure 22. Pugh Matrix considering designs for regulation of conveyor speed
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Figure 23. Pugh Matrix including ideas for RFID and sensor signals.

Figure 24. Pugh Matrix analyzing parcel scanning concepts.
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APPENDIX C – Design hazard Checklist and Corrective Actions
Responses from the Design Hazard Checklist are included below.

Figure 25. Completed Design Hazard Checklist.
Table 7 summarizes more in-depth descriptions of each hazard as well as how and when each risk will be
addressed.
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Table 7. Hazards with corresponding corrective action.
Description of Hazard

Planned Corrective Action

The rolling sections of the conveyor
bring up potential issues of
hazardous revolving as well as pinch
points that could harm the operator.

The system has been designed to
prevent pinching when one
touches the rotating metal rollers,
as it stops moving in the moment
that downward pressure is added.

N/A

Already
implemented

As the parcels translate along the
rollers and through the RFID
tunnels, there is a risk associated
with high
accelerations/decelerations.

Ensure that parcels used on the
conveyor maintain the correct
size and weight specifications to
mitigate any risk of damaging the
conveyor or harming users.

N/A

Already
implemented

The conveyor will be moving
medium-sized, relatively heavy
masses around the loop.

Ensure that parcels used on the
conveyor maintain the correct
size and weight specifications to
mitigate any risk of damaging the
conveyor or harming users.

N/A

Already
implemented

High electrical voltages (greater
than 40 V) are utilized to power the
conveyor.

Separate the high voltages from
March 1,
the low with two separate boxes. 2022
The high voltage box will remain
locked and inaccessible to users
unless maintenance is required.

TBD

The system could generate high
levels of noise throughout the
gravity-roller sections of the
conveyor, depending on the size and
type of parcel being transported.

Although these sounds are not
reaching unsafe levels, it is
significant for operators to be
aware that they may have to raise
their voice at times to overpower
the volume of metal contacting
other hard materials.

N/A

Already
implemented

It is possible for the system to be
used in an unsafe manner.

Providing clear directions for
operation along with outlining
the standard, required parcel
specifications are necessary to
mitigating this risk.

May 1, 2022

TBD

When configuring the wires
connecting the PLC, Interface
Board, and DAQ device, there will
be a relatively large voltage (24V)
being transmitted.

If altering, adjusting, or fixing the N/A
wire configuration connecting the
Interface Board and DAQ device,
disconnect power from the
Interface Board and disconnect
Ethernet crossover cable from
Interface Board to minimize risk
of direct exposure to 24V lines.
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Planned Date

Actual Date

N/A

APPENDIX D – Updated Gantt Chart
The Gantt Chart includes shows plan through the end of the project with updated tasks outlined in detail
up to Critical Design Review .

Figure 26. Updated Gantt Chart.
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California Polytechnic State University Mechanical Engineering Design Project
March 4, 2022
Sponsor – Dr. Tali Freed
Project Coach – Peter Schuster
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Bryan Cordutsky – bcorduts@calpoly.edu
Carly Tudor – catudor@calpoly.edu
Carolyn Palmer – cpalme06@calpoly.edu
William Schafer – wschafer@calpoly.edu

ABSTRACT
This Critical Design Review documents the process of choosing a design direction for the PolyGAIT
Conveyor Upgrade Mechanical Engineering Senior Project. From the Preliminary Design Review, the team
had decided on a data acquisition (DAQ) device from the company LabJack. After receiving the device and
testing it in the laboratory, this device was not sufficient. Because of this, a new USB-4761-BE DAQ unit
from Advantech was purchased and will be used from this point forward.
The team developed a structural prototype of the control system to include the new device. This report
discusses the detailed design of the entire system, justification for the chosen design, a manufacturing and
assembly plan, and extensive planned testing procedures. The team also created a manufacturing plan for
adding the previously built interface control board into the existing voltage box to promote overall safety
of the system. This plan contains CAD assembly models, assembly steps, and considers the hazards
involved.
After receiving sponsor approval for the chosen verification prototype, the team will perform testing and
analysis on the system to prove its effectiveness with the goal in mind to have a working control system by
the next deliverable, the Final Design Review.
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1.0 INTRODUCTION
The proposed design challenge consists of implementing an upgraded control system for PolyGAIT’s
Radio Frequency Identification (RFID) enabled diverting conveyor loop on the Cal Poly campus
(“PolyGAIT”). It is important to highlight a few changes since submitting the Preliminary Design Review
document. For the purpose of building a “smart” conveyor and fulfilling RFID needs, speed and
acceleration conditions, and a range of size and weight requirements, the team determined how best to
accomplish to this challenge. This process involves finding an adequate and efficient data acquisition device
to be implemented between the existing programmable logic controller (PLC) and the computer and
determining the most reliable and easy-to-learn programming language that is compatible with the devices.
These decisions play a significant role in the Critical Design Review, as it has molded the team’s chosen
design direction.
The objective of the CDR is to provide evidence to the sponsor that the final design will meet all
specifications and user requirements and to present the full details of the design. One of the main
components of this report is the System Design, which explains the details and functionality of the design
and the cost breakdown. The Design Justification section provides evidence that the design will meet all
the specifications. The Manufacturing Plan section describes the team’s manufacturing plan and assembly
steps going forward with the final build, while the Design Verification Plan section details any testing that
the team plans to perform with the verification prototype. Lastly, the Conclusion summarizes the document
while asking for sponsor agreement with purchasing, building, and testing plans.
2.0 SYSTEM DESIGN
An effective control system is required for the design to succeed in achieving the project goals. The control
system design for this conveyor consists of a PLC, interface board with input/output modules, and
compatible data acquisition device (DAQ). These three devices will allow for effective communication for
the signals from the conveyor to be processed by the written application. The basic set up of this control
system is shown in an architecture diagram in Figure 1.

Figure 1. Architecture diagram of control system.
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2.1 Detailed Design
The specific components of this control system, as well as the programmed application and correct wiring
scheme make up the majority of the design being used to upgrade the conveyor’s control system. As the
conveyor was constructed previously, the components listed in Figure 1 as “switches, sensors, solenoid
valves, motors” and the “DL205 PLC in CC1 Enclosure” are already implemented at PolyGAIT. These
components allow for the conveyor to move, change speed manually, and be connected to the RFID system.
The remaining components (Interface Board w/ Terminator I/O, USB-4671-BE DAQ, and PolyGAIT PC
or Application Server) are components that the team is implementing to enable the conveyor to be “smart.”
The interface board in Figure 2 consists of a Rhino power supply, one Direct Automation Input Module,
one Direct Automation Output Module, one Direct Automation Terminator DC power supply, one Direct
Automation Ethernet base Controller, two circuit breakers, and 25 terminal blocks. These modules are all
secured by steel slotted DIN rails that are provided when the modules are purchased, and the DIN rails are
screwed onto the melamine board below. The Rhino Power supply is powered by an outlet in the PolyGAIT
lab, and it provides 24 V to the other modules on the board. The black wires in this board signify the “hot”
wires that have current flowing when the power supply is plugged in. The white wire is the neutral wire,
and the green wire is the ground wire. The black wires running to the terminal blocks are the power input
into the modules. The red wires are the power outputs leaving the modules. The blue taped wires are the
three inputs from the PC application to the PLC and the eight brown wires are the eight outputs from the
PLC to the PC application. The inputs and outputs will then be wired in the same direction to the DAQ
device, which is then connected to the programming application via USB.

Figure 2. Interface board with terminator input/output block.
The wiring schematic which details the inputs, outputs and corresponding voltages is included in
Appendix B. The anticipated required inputs and outputs are listed in Table 1, but upon further testing
more inputs and outputs may need to be added to achieve full functionality.
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Table 1. Inputs and outputs between PC application and PLC.
Inputs from PC Application to PLC
1
2
3
Outputs from PLC to PC Application
1
2
3
4
5
6
7
8

Divert left
Divert right
Change conveyor speed
Package in zone before first RFID tunnel
Package in zone before second RFID tunnel
First RFID tunnel scan
Second RFID tunnel scan
Package in zone before divert section
Package in zone on divert section
Package diverted left/right
Package after divert section

To connect the interface board to the existing PLC, an Ethernet crossover cable was purchased. This cable
allows effective communication between the PLC and the interface board for the PC Application to utilize.
The final component required to complete the loop is a DAQ device. The LabJack U3 was originally
considered, but ultimately the team decided to pursue an alternate DAQ Device, the USB-4761-BE Digital
I/O module, per recommendation from George Ferrell, a technical expert who developed the PolyGAIT
conveyor. The USB-4761 provides adequate ports and can support 24V. Further justification for the
decision is described in the Design Justification Section.
The current interface board is connected to a floating melamine board that is sitting within the PolyGAIT
conveyor room. This provides a temporary solution and can be cleaned up by encasing the board in a clear
acrylic box on top of a desk next to the PC, but a more permanent and organized solution is a goal of this
project. Therefore, a concept layout using SolidWorks was made to show how each component could be
mounted in the existing extra voltage box that is currently empty. This will allow for any students in the
future to access the upgraded control system without having to open the high voltage box. The model is
shown in Figure 3 and utilizes downloaded part files from McMaster-Carr and Automation Direct’s
websites.

Figure 3. Interface board organization within low voltage box.
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The remainder of the design to upgrade the conveyor includes updates to the mechanical system of the
conveyor. The currently empty voltage box will need a mounting panel added to the back that will allow
for the setup shown in Figure 3 to be configured. The new wires needed to connect the interface board
will also require wire management through a conduit connecting the high voltage box to the low voltage
box. The wires will also be organized with zip ties to minimize the space they take up in the voltage box.
Finally, to ensure the diverting section of the conveyor works, the elastic bands will be replaced, which
will be discussed further in the Manufacturing Plan section.
2.2 Design Functionality
The purpose of the design is to be able to control the PolyGAIT conveyor speed and diverting system using
RFID technology. All the devices shown in Figure 1 will work in conjunction with each other to operate
the conveyor autonomously through the control system. The PLC will send signals to the VFD to slow the
conveyor down if at the first RFID tunnel, the eye sensor detects the parcel but the RFID scanners miss the
parcel. This deceleration increases the probability of the parcel being scanned in the second RFID tunnel.
When the parcels are scanned, their RFID tags will have information about where the specific parcel needs
to go, whether that be back around the conveyor, diverted right or diverted left. If the parcel is not identified
by either RFID tunnel, it will also get diverted to signify that it needs to be scanned manually.
To accomplish these functionalities, the team selected LabVIEW as the programming language. LabVIEW
is a graphical programming language used for visual and intuitive programming. Through downloading a
specific driver, LabVIEW can be compatible with the USB-4761-BE Digital I/O module. This will be
discussed further in the Design Justification Section.
2.3 Project Costs
The entire cost breakdown of all the components required for this design is included in the Indented Bill of
Materials in Appendix A. While all of these components total to around $5,000, many of the components
have previously been implemented in the conveyor and are being utilized by the team to improve the
existing conveyor. The actual project budget, including all parts that were purchased specifically for this
design upgrade, is included in Appendix C.
There are subsystems within this design, the test loop control system and the mechanical system. The
control system is the larger subsystem, but the mechanical system is also required to refurbish parts of the
conveyor. Many components of each subsystem are graciously donated by George Ferrell, while the others
are purchased by the sponsor, Dr. Tali Freed. Several of the components have already been implemented
with the conveyor, so they are only included on the iBOM and project budget to show the entire cost of the
design, including previous purchases. The items listed in Table 2 are the parts purchased or planned to be
purchased specifically for this upgrade.
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Table 2. Cost breakdown for verification prototype.
Subsystem
Control
System

Part Name
USB-4761-BE
Digital I/O
Ethernet
Crossover
Cable
Intel 6th Gen
Computer
Mechanical Voltage Box
System
Zip Ties

Quantity
1
1

Cost
$232

Part Source
Advantech
Online
$11.95 Amazon

1

$899

Intel

1
1

$1284
$5

McMaster-Carr
Amazon

Mounting Panel
Elastic Bands

1
1

$23
Wiegmann
$53.28 McMaster-Carr

Conduit

1

$17

McMaster-Carr

More Information
Purchased
Purchased, Tripp Lite Cat5e
350MHz Molded Cross-over
Patch
Legacy Part
Legacy Part, 75505K22
Purchased, 40 pack 4”
standard cable ties
Needs to be purchased
Need to purchase 16 feet of
3/8” diameter 59725K734
Legacy Part

3.0 DESIGN JUSTIFICATION
This project does not require any tests involving measurements of force, stress, deflection, etc. The Design
Justification Section will instead detail the DAQ system and justification of it being suitable for the project
needs. The section will also discuss the programming to be used for the project and the steps taken to make
the DAQ device and programming software compatible. Safety and failure considerations are also
mentioned, along with potential project concerns.
3.1 Data Acquisition System
An important part of the design is the DAQ system chosen to communicate between the host PC and the
PLC. This will be responsible for receiving signals from the conveyor’s photo-eye sensors and RFID
scanners and sending commands back to the conveyor from the application based on these signals.
3.1.1 First DAQ Iteration
Initially, the LabJack U3-LV device was chosen to be the DAQ for the control system. However, after
purchasing the LabJack for $155 and evaluating it with the existing configuration of the conveyor, it was
discovered that the 24V signals being sent from the PLC would be too large for the LabJack to take in. It
was also observed that the number of I/O ports on the LabJack may not be enough for the needs of the
project. There was brief discussion about purchasing a LabJack RB12 Relay Board as well as buying
compatible Relay Modules. This would solve the problem of the large voltage entering the LabJack.
Purchasing the RB12 would add another $155 to the project, not including the cost of at least 12 Relay
Modules. With this, there would still not be enough I/O ports on the RB12 that can take a higher voltage,
so small voltage dividers for the LabJack ($12 each) would have to be purchased as well to use the rest of
the ports. However, it was decided that this would add a lot of complexity, uncertainty, and cost to the
project, so other options were explored.
3.1.2 Current DAQ Plan
The LabJack iteration provided more insight on specifications necessary for the DAQ device to function
properly with the conveyor. After consideration and further research, the Advantech USB-4761-BE DAQ
device was considered. The USB-4761 has 8 inputs and 8 outputs, which would satisfy for the current needs
of the project. According to the associated specification sheet, this DAQ device would also be able to take
the 24V input signal from the PLC, solving both main issues found with the LabJack option. This USB5

4761 cost $232 purchased from Advantech directly. After the purchase of the USB-4761 DAQ, the LabJack
DAQ was successfully returned and refunded.

Figure 4. Advantech USB-4761-BE data acquisition device.
3.2 Software Communications
As mentioned before, LabVIEW was the software chosen to write the application for the project. LabVIEW
inherently communicates with other DAQ devices manufactured by National Instruments™, LabVIEW’s
developer, but is still compatible with the USB-4761-BE DAQ by downloading a driver called DAQNavi
from the Advantech website. By downloading DAQNavi and LabVIEW, the team was able to successfully
communicate with the DAQ through the program. Therefore, the team will be moving forward with
developing a program in LabVIEW that can make decisions based on the package scan status to slow down
the conveyor or divert the package.
The team started creating practice code in LabVIEW using the DAQNavi add-on. Figure 5 shows a
screenshot of practice LabVIEW code with a while loop containing a digital input signal block (top left)
feeding its port status into a digital output signal block (bottom right). This is just a sample of block diagram
code that was developed to gain experience using LabVIEW and the associated DAQNavi blocks. More
detailed iterations of the code will be practiced and made going forward.

Figure 5. Practice LabVIEW Code using DAQNavi add-on.
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3.3 Failure, Safety, and Maintenance Considerations
There are a few modes of failure that have been considered for the project. Early considerations for failure
have been addressed in the Failure Mode and Effects Analysis (FMEA), and since the end result of the
project has not changed drastically, the FMEA has not had many changes. One update involves recent
occurrences of the variable-speed section of the conveyor occasionally not starting up with the rest of the
conveyor. This can be solved by completely powering the conveyor off and on. The updated FMEA can be
seen in Appendix D.
The safety of the project has been addressed previously with the Design Hazard Checklist and Corrective
Actions, which can be seen in Appendix E. Some of these hazards include the rotating conveyor rollers,
large/heavy packages being moved, the varying speeds of the conveyor, and the user operation of the
conveyor. The only main addition to this ganis the related to the 24V signals that will be sent between the
Interface Board and DAQ device. Since this signal will be larger than initially expected, it is important to
note the risk of being exposed to this voltage when altering, adjusting, and fixing the wiring configuration.
To avoid this risk, power should be disconnected from the Interface Board ahead of time. The Ethernet
crossover cable between the PLC and the Interface Board should also be disconnected.
Considering the scope of our project mainly revolves around the implementation of a control system, the
only required maintenance would be ensuring the wires connecting the interface board and DAQ are tightly
secured and in good condition. Outside of the control system, over time if the elastic bands used for
diverting break or become warped, new bands will need to be tensioned and plastic welded over the existing
pulleys.
3.4 Potential Project Concerns
One of the main concerns going forward from here is that the USB-4761 DAQ works as expected, unlike
the LabJack. Ideally, the number of inputs and outputs determined for our project (see Table 1) will stay
the same. However, if through preliminary testing the team finds there needs to be one or more input to the
DAQ, other options for the DAQ will need to be considered. Ideally, the USB-4761 DAQ will work as
expected, or if not, the team will learn early on that a new DAQ is necessary. Even if a new DAQ is required,
it should not impede the progress of the coding and should be a seamless change. Another concern worth
noting is the time it will take to fully program the system. Assuming the DAQ, interface board, and PLC
communicate properly, the basics of the program should be straightforward. However, being thorough with
the program is necessary and will likely take significant time to fine tune and test repeatedly.
4.0 MANUFACTURING PLAN
It is important to include a detailed outline describing how the conveyor verification prototype will be
manufactured. Procurement of all components and materials is the first step, followed by manufacturing,
and lastly, assembly. Programming and debugging of the control system is described as well.
4.1 Procurement
The PolyGAIT conveyor loop is made up of two subsystems, the first being the conveyor itself including
its physical elements, and the second being the control system, composed of the electrical hardware and
logic modules. As mentioned in Table 3, the majority of the conveyor components will be purchased by the
sponsor, Dr. Tali Freed. The elastic band material will need to be acquired for refurbishing along with the
voltage box, which is already in our possession. In addition, the interface board communicating with the
PLC and computer will be built using input and output modules, wires, and a power supply all connected
to DIN rail. These materials were already provided by the sponsor. This group of items will then be
assembled onto a to-be-purchased mounting panel that sit will screw into the back wall of the voltage box.
All other required components will be purchased and unmodified before the production phase.
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Table 3. Summary of the manufacturing plan.

4.2 Manufacturing
In order to plan for manufacturing, the team considered which equipment and operations will be necessary
for building each part. With regards to the conveyor subsystem, the elastic bands on the diverter portion
will undergo plastic welding. As depicted in Figure 6, a few of the bands are discolored and slightly warped.
The far-most left band has already been replaced by the team’s automation expert George Ferrell and will
represent how the remaining bands should look after manufacturing is complete. In order to form tight
bands that will efficiently translate packages when the airbag underneath is activated, the team will first use
a tube cutter to split the plastic band into 68-inch sections. After wrapping them around the five-pulley
system as depicted in Figure 6, the ends will be welded together with a urethane belt joining kit.
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Figure 6. Diverter section of the conveyor where plastic welding will be performed on the elastic bands.
The green arrow indicates properly plastic welded bands while the red arrow indicates yellow warped
band.
The next component to be considered is the interface board. Pictured in Figure 7, this component currently
represents the team’s structural prototype as it conveys a semi-functional version of part of the design. The
steel slotted standard DIN rail was first cut with a hand saw to the length of the melamine board provided
by George Ferrell. Using four #8 x ½ screws total, the team used two screws to secure each DIN rail to the
melamine board. Each component was then coupled to the DIN rail, from left to right in the top row we
placed an input AC power supply surrounded by circuit breakers, a terminator DC power supply, an ethernet
base controller, a discrete input module, and a discrete output module. On the far-right end of this row the
DAQ will be mounted.

Figure 7. Top row of the interface board.
In the second row are a number of terminal blocks, representing the inputs and outputs between the PC
Application and the PLC mentioned in Table 1. Blocks in the second row were then connected to the
components in the first row with wires cut to various lengths using wire cutters.
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Figure 8. Bottom row of the interface board.
Next, each wire leading out of the I/O blocks was labeled with the corresponding input or output number,
depicted in the Electrical Diagram in Appendix A. The last step to completing the structural prototype
involved cleaning up the wires by grouping them together with zip ties.

Figure 9. Labeled input and output wires
Pictured in Figure 10 is the overall interface board with the majority of the components included. The only
item left to be mounted is the USB-4761-BE DAQ.

Figure 10. Interface board including the power supply, input and output modules, and wiring on a din rail
mounted melamine shelf.
The last step to finishing the interface board is to connect corresponding wires from the terminal blocks
into the DAQ so the DAQ can receive all of the inputs and outputs being used.
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4.3 Assembly
Next steps for the team involve transforming the structural prototype into a part that can be installed into
the low voltage box. The pieces will be organized slightly differently to adequately fit inside the tighter
dimensions of the unit. Illustrated in Figure 3, the pieces will still be attached to DIN rail, but instead
mounted on a steel panel attached to the back vertical wall of the low voltage box.

Figure 11. Mounting Panel to be bolted into the back side of the low voltage box [1].
Figure 11 depicts the appropriately sized 13-inch by 13-inch panel, corresponding to the dimensions of the
Wiegmann box the team is using for low voltage. When the mounting panel slides into the box, pre-existing
nuts and bolts that are built into the back side of the box allow for easy alignment of the four holes on the
matching pins, followed by tightening as the nuts are screwed on last.
Directions described above for building the interface board will be repeated for assembly of these
components into the unit, specifically modified to fit the 15-inch by 15-inch by 8-inch dimensions of the
inside of the box. It is also important to note that because no melamine board will be used, it will be
necessary to drill pilot holes into the mounting panel to secure the DIN rail with screws. The already
acquired low voltage box is currently positioned next to the high voltage box, shown in Figure 12.

Figure 12. Current configuration of low-voltage box (left) and high-voltage box (right).
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The last concept to be discussed is how the all the individual components will connect and work together.
The low voltage box containing the interface board will interact with the high voltage box holding the PLC,
connecting through an ethernet crossover cable passing through a conduit between the units. The USB4761-BE DAQ will hook up to the team computer via USB to communicate with the LabVIEW program.
The PolyGAIT PC will be stationed at a desk next to both voltage boxes in from of the conveyor loop. The
overall set up is displayed in Figure 13.

Figure 13. How all components will connect to form the operation station. Note that the interface board
will be moved into the low voltage box and not in sight.
Appendix F conveys all steps of the manufacturing and assembly plan. Specifically, the team will plasticweld the elastic bands on March 12th to 13th, move the interface board into the low voltage box on April
12th to 13th, and form all wiring connections between components on April 19th to 20th as detailed in the
Gantt Chart in Appendix G.
4.4 Programming
One aspect of the conveyor manufacturing that has not been discussed yet is the building of the control
system, including both programming and debugging plans. As mentioned in the Software Communications
section, the team is currently working to develop LabVIEW code that will use various blocks to work with
the USB-4761-BE DAQ. This program will accelerate, decelerate, and divert packages. It is important that
once all components of the system are connected, both physical and nonphysical, the team experiments
with the code and iterates through a number of designs using a method of trial and error until the correct
function is achieved with timing and performance. The program will be further debugged as packages are
sent through to confirm that performance is optimal in terms of achieving the desired conveyor functions,
enabling appropriate timing of parcel movement, and lastly ensuring that these goals are achieved safely.
5.0 DESIGN VERIFICATION PLAN
Keeping the goal of creating a successful control system for the conveyor belt at the forefront, the
extensive design process has ultimately led to a plan for a verification prototype. While thorough
research, modeling, and simulations have provided confidence towards the success of the team’s design,
verification tests are necessary to ensure the effectiveness of this prototype. Before describing the tests, it
12

is imperative to remember the following design specifications as previously agreed upon by the team and
sponsor:













Move parcels
Track parcels
Divert parcels
Regulate conveyor speed
Ease to use
Low Cost

Safety
Autonomous
Reliability
Durability
Ease of maintenance

The team developed six different tests relating to these specifications. Detailed descriptions of the tests
are to follow but an overview of each of the planned tests can be found in the Design Verification Plan
table in Appendix H. All tests require use of the PolyGAIT conveyor laboratory as well as multiple team
members to observe the control system interface and the physical motion of the conveyor.
5.1 Testing Moving Parcels
To ensure that the proposed control system moves and tracks the parcels effectively, tests will be
performed on the signal sending components: the RFID tunnels and the photo-eye sensors. The first test
involves sending 100 individual packages through the variable speed roller section. These packages will
not contain RFID tags to guarantee that the RFID tunnels do not receive a return signal and therefore will
not deliver a positive signal to the control system. A “positive” signal refers to a parcel successfully being
scanned by the RFID tunnel, which can be verified by the RFID tracking system in the laboratory.
Because these packages will not be scanned, the conveyor rollers should be triggered to decelerate to 2
ft/s every. A successful test would result in 100 out of 100 parcels slowing down.
5.2 Testing Tracking Parcels
A similar test is to be performed on the photo-eye sensors where 100 packages again will be sent around
the entire conveyor, passing each sensor along the way. Each of the six photo-eye sensors should see
every package and send the corresponding positive signal to the control system. A successful test results
in each sensor sending 100 positive signals.
5.3 Diverting Parcels
To verify that the diversion controls is effectively operational, another 100-package test will be
performed, this time only on the diverting section. To efficiently verify this specification, the divert
function will manually be selected in the control system so that every package is meant to be diverted. A
successful test will result in all 100 packages diverting either right or left.
5.4 Regulating Conveyor Speed
As one of the main project goals is to decelerate the variable speed rollers based on RFID scanning, the
most significant test to be executed is one to verify that control system adjusts the conveyor speed to the
correct design speed. To perform the test, 100 packages without RFID tags will be conveyed onto the
variable speed rollers. After each package passes the first RFID tunnel and the rollers decelerate, a radar
speed gun will measure the actual velocity of the package. A successful test would result in all 100
parcels traveling at a slow speed of 2 ± 0.1 ft/s.
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5.5 Safety
The test design has inherent hazards as mentioned in previous sections. To test the safety of the system, a
range of parcel weights will be tested while the conveyor rollers are at maximum speed of 10 ft/s.
Measuring this test will include observing if any packages are too light in weight and project off the
conveyor itself. Conversely, if any packages are too heavy and travel around the entirety of the loop while
intensely hitting any of the guard rails then the upper weight limit will be found.
5.6 Autonomy
The final test procedure will observe the autonomy of the program application controlling the conveyor.
This test will ultimately confirm that the design prototype is successful. The test involves sending 10
packages around the conveyor loop and visually observing that all control functions are operating
successfully: photo eye sensors, RFID scanners, high/low speed changes, diverting functions.
All testing procedures are planned to begin on April 28, 2022, and the tests will span for one week
until May 5 as seen in the team Gantt Chart in Appendix G.

6.0 CONCLUSION
The PolyGAIT Conveyor Loop Upgrade proposes a challenge to refurbish the existing conveyor loop on
Cal Poly’s campus and implement an innovative control system that can scan and track packages with
RFID technology and perform necessary accelerating, decelerating, and diverting of packages. The
purpose of this document is to discuss the detailed verification prototype design plan including
justification, manufacturing, and testing procedures.
There have been major design changes since the team’s Preliminary Design Review, including purchasing
of different devices and the physical configuration of these devices in the laboratory. Ultimately, there is
confidence backing the use of the Advantech USB-4761-BE Data Acquisition Device in conjunction with
the LabVIEW programming language to control the conveyor system.
The next steps of this project include implementing the chosen verification prototype followed by
extensive testing and analysis. The next major deliverable will be the Final Design Review Report which
is to be submitted on May 27, 2022. This report will summarize all design changes, testing, analysis, and
overall discussion regarding the final prototype.
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APPENDIX A – Indented Bill of Materials
Table 4. Indented Bill of Materials

A-1

APPENDIX B – Drawing & Specifications Package
Name: Mounting Backboard
Part #: 122200

Figure 14. Low voltage box mounting panel specifications [1].
B-1

Figure 15. Interface Board Wiring diagram.

B-2

Name: Discrete Output Module
Part #: 113300

Figure 16. Automation Direct DC Output Module specifications for interface board [2].

B-3

Name: Discrete Input Module
Part #: 113400

Figure 17. Automation Direct DC Input Module specifications for interface board [3].

B-4

Name: Power Supply
Part #: 113200

Figure 18. Automation Direct PSN Series Power Module specifications for interface board [4].

B-5

Figure 19. Automation Direct PSN Series Power Module specifications for interface board [4].
B-6

Figure 20. Automation Direct PSN Series Power Module specifications for interface board [4].
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Name: USB-4761-BE Digital I/O Module
Part #: 112000

Figure 21. Advantech USB-4761 specifications [5].
B-8

Name: Terminator DC Supply
Part #: 113500

Figure 22. Terminator I/O module specifications [6].
B-9

Figure 23. Ethernet base controller specifications [7].
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Name: Elastic Bands
Part #: 121000

Figure 24. Elastic band specifications [8].

B-11

Name: Wire Spools
Part #: 113800

Figure 25. Standard 16 gauge wire specifications [9].
B-12

Name: Screws (#8 x ½)
Part #: 113900

Figure 26. #8 x ½ in. Phillips Screws specifications [10].
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Name: Steel Slotted Stnd DIN Rail
Part #: 115000

Figure 27. Steel Slotted DIN 3 Rail Specifications [11].
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APPENDIX C – Project Budget

Figure 28. PolyGAIT Project Budget
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APPENDIX D – Failure Mode and Effects Analysis

Figure 29. Design Failure Modes and Effects Analysis
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APPENDIX E – Design Hazard Checklist and Corrective Actions
Responses from the Design Hazard Checklist are included below.

Schuster

Figure 30. Completed Design Hazard Checklist.

Table 5 summarizes more in-depth descriptions of each hazard as well as how and when each risk will be
addressed.

E-1

Table 5. Hazards with corresponding corrective action.
Description of Hazard

Planned Corrective Action

The rolling sections of the conveyor
bring up potential issues of
hazardous revolving as well as pinch
points that could harm the operator.

The system has been designed to
prevent pinching when one
touches the rotating metal rollers,
as it stops moving in the moment
that downward pressure is added.

N/A

Already
implemented

As the parcels translate along the
rollers and through the RFID
tunnels, there is a risk associated
with high
accelerations/decelerations.

Ensure that parcels used on the
conveyor maintain the correct
size and weight specifications to
mitigate any risk of damaging the
conveyor or harming users.

N/A

Already
implemented

The conveyor will be moving
medium-sized, relatively heavy
masses around the loop.

Ensure that parcels used on the
conveyor maintain the correct
size and weight specifications to
mitigate any risk of damaging the
conveyor or harming users.

N/A

Already
implemented

High electrical voltages (greater
than 40 V) are utilized to power the
conveyor.

Separate the high voltages from
March 1,
the low with two separate boxes. 2022
The high voltage box will remain
locked and inaccessible to users
unless maintenance is required.

TBD

The system could generate high
levels of noise throughout the
gravity-roller sections of the
conveyor, depending on the size and
type of parcel being transported.

Although these sounds are not
reaching unsafe levels, it is
significant for operators to be
aware that they may have to raise
their voice at times to overpower
the volume of metal contacting
other hard materials.

N/A

Already
implemented

It is possible for the system to be
used in an unsafe manner.

Providing clear directions for
operation along with outlining
the standard, required parcel
specifications are necessary to
mitigating this risk.

May 1, 2022

TBD

When configuring the wires
connecting the PLC, interface board,
and DAQ device, there will be a
relatively large voltage (24V) being
transmitted.

If altering, adjusting, or fixing the N/A
wire configuration connecting the
interface board and DAQ device,
disconnect power from the
interface board and disconnect
Ethernet crossover cable from
interface board to minimize risk
of direct exposure to 24V lines.

E-2

Planned Date

Actual Date

N/A

APPENDIX F - Manufacturing Plan
Manufacturing Plan
Mechanical System
Elastic bands (121000)
Tube Cutter
1. Cut elastic band to 54” in length
2. Wrap elastic band around pulley system
Plastic Welder
3. Weld elastic band together
Assembly Plan
Voltage Box (122000)
Handsaw
1. Cut melamine board to size to fit inside of electrical box
Screwdriver
2. Attach melamine interface board to box
3. Organize wires inside box for safety
Control System
Interface Board (114000)
Handsaw
1. Cut steel slotted standard DIN rails to desired length
Screwdriver
2. Screw DIN rails into melamine board
3. Connect modules onto DIN rails
Wire Cutter
4. Cut electric wire to desired lengths
Insert wires into different modules according to wiring diagrams

F-1

APPENDIX G – Updated Gantt Chart

G-1

Figure 31. Updated Gantt Chart.
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APPENDIX H – Design Verification Plan

Figure 32. Design Verification Plan.
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1.0. DESIGN UPDATES
Most of the design plans from the Critical Design Review remained the same throughout the manufacturing
of the final protype. One main addition, however, included mechanically mounting a photo eye sensor to
the variable-speed conveyor before the first RFID tunnel. The photo eye sensor was previously
electronically connected to the PLC but did not contribute to any ladder logic functions. This addition was
imperative for completing the slow-down function of the conveyor, and details regarding specific
implementation can be read in the following Manufacturing section.
2.0 MANUFACTURING
The manufacturing of the PolyGAIT conveyor control system consisted of procuring, assembling, and
configuring necessary components to create the control system. These components include input/output
(I/O) modules, a data acquisition module, an ethernet remote master module, and mechanical
components.
2.1 Part Procurement
The PolyGAIT conveyor loop is made up of two subsystems, the first being the elements of the physical
conveyor, and the second being the electrical control system. All parts procured were either purchased by
our sponsor or donated by George Ferrell, the technical expert assisting on this project.
Most of the parts for the control system were donated by Ferrell either prior to the beginning of this
project or at the beginning of this project. The parts that existed prior to the start of this project are
considered legacy parts, and these include the DL205 Programmable Logic Controller, the voltage boxes,
the conduit running between the voltage boxes, the computer that the program will run on and the monitor
that will display the program. The other components of the control system that were donated by Ferrell at
the beginning of this school year are all the interface I/O board components that are outlined in Appendix
B, including the I/O modules, the power supply module, terminal blocks, wires, and DIN rails. The
Ethernet Remote Master (ERM) module for the PLC was discovered to be missing late in the project and
was purchased by Dr. Freed through Automation Direct.
The mechanical components that were not legacy parts were also purchased by Dr. Freed. These include
the mounting backboard for the low voltage box, elastic bands, and fasteners. The sources for each of
these parts along with the associated expenses are listed in Appendix B. The only material that was not
purchased or donated was sheet metal used to manufacture a bracket to mount a photo eye sensor
underneath the conveyor.
2.2 Component Manufacturing
Pictured in Figure 1 is the initial interface board serving as the structural prototype. Detailed manufacturing
steps of the prototype can be seen in section 2.1 of the CDR. The only item left to be added to this interface
board was the USB-4761-BE DAQ with corresponding wires connected from the terminal blocks into the
DAQ, which would then be connected to the programming application via USB.
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Figure 1. Completed structural prototype.
Wiring of the DAQ is important to highlight in the component manufacturing. The team spent some time
analyzing which ports needed to receive power, and ultimately the configuration depicted in Figure 2 was
used. On the left side of the DAQ depicted in the left side of Figure 2, the red power wire comes into
COM0 and then jumps to each port to provide power to COM1, COM2, and COM3. The output signals
from the DAQ are pictured in blue and wired to NO0, NO1, NO2, and NO3. On the right side of the DAQ
all inputs to the DAQ are white wires and come into IDI0A, IDI1A, ID2A, IDI3A, IDI4A, IDI5A, IDI6A,
and IDI7A. Lastly as shown on the right side of in Figure 2, the blue wire is first fed into IDI10B, and
then jumps to IDI1B, IDI2B, IDI3B, IDI4B, IDI5B, IDI6B, and IDI7B. This provides a return, or
negative path to complete the circuit.

Figure 2. Method of wiring USB-4761-BE to send and receive
signals to and from the conveyor.
The floating melamine board provided a temporary solution, but a more permanent and organized
solution is a goal of this project. Each component would be assembled in the existing low voltage box that
was previously empty. This allows for any students in the future to access the upgraded control system
without having to open the high voltage box.
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Next steps for the team involved transforming the structural prototype into a part that could be installed
into the low voltage box. The pieces were organized slightly differently to adequately fit inside the tighter
dimensions of the unit. The pieces would still be attached to DIN rail, but instead mounted on a steel panel
attached to the back vertical wall of the low voltage box.

Figure 3. Mounting Panel to be bolted into the back side of the low voltage box [1].
Figure 3 depicts the appropriately sized 13-inch by 13-inch panel, corresponding to the dimensions of the
low-voltage Wiegmann box. When the mounting panel slides into the box, pre-existing nuts and bolts that
are built into the back side of the box allow for easy alignment of the four holes on the matching pins, and
easy securing by nuts.
Next steps included measuring the width of each component and the height of each set of components to
configure a new arrangement on the square panel that would effectively fit all modules. After a basic
outline was developed, the team marked locations and drilled holes into the panel. The DIN rail used
previously on the melamine shelf was reused and measured out for each of the three rows to be placed at
three different heights. The final product for this phase is displayed in Figure 4.

Figure 4. DIN rail mounted onto the low voltage box back panel, secured by nuts and bolts.
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Further details regarding the assembly of each module onto the DIN rail are described in section 2.3,
System Assembly. The remainder of the design to upgrade the conveyor includes updates to the
mechanical system of the conveyor. With regards to this conveyor subsystem, the elastic bands on the
diverter portion were plastic welded. As depicted in Figure 5, a few of the bands were discolored and
slightly warped, which prevented effective diverting. The left most band had already been replaced by
George Ferrell and represents how the remaining bands look after manufacturing was completed. The
green arrow indicates properly plastic welded bands while the red arrow indicates yellow warped band.

Figure 5. Diverting section of the conveyor where plastic welding was performed on the elastic bands.
To form tight bands that efficiently translate packages when the airbag underneath is activated, the team
first used a tube cutter to split the plastic band into 68-inch sections. After wrapping them around the fivepulley system, the ends were welded together with a urethane belt joining kit to achieve the final product
shown in Figure 6.

Figure 6. Completed plastic welding of bands in diverting section.
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The last element the team considered was the addition of a photo eye sensor prior to the first RFID tunnel.
This equipment was electronically connected and operational, but not mechanically attached to the
conveyor. To secure the sensor, a bracket was cut and shaped from Aluminum sheet metal to hold the
photo eye just underneath the rollers as shown in Figure 7.

Figure 7. Mounted photo eye sensor with manufactured bracket.
The next section discusses how all of these components fit together into one cohesive, fully functioning
system.
2.3 System Assembly
To complete the low voltage box assembly, various elements described in the previous section were
utilized. The modules, power supply, and wired DAQ were re-mounted onto the DIN rail/back panel seen
in Figure 8. With the change in location of the modules from the melamine board to the panel, the I/O
modules were disconnected from one another during the move, and they needed to be physically clicked
together before progressing to the next assembly steps. Zip-ties were used to group the wires and organize
them, minimizing the space they would take up in the voltage box. The completed back panel was placed
inside the low voltage box and secured with bolts in each of the four corners as shown in Figure 8.

Figure 8. Low voltage box with the back panel secured and all modules mounted onto the DIN rail.
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The last concept to be discussed is how all the individual components were connected and working
together. The low voltage box containing the interface board interacts with the high voltage box holding
the PLC through an ethernet crossover cable passing through a conduit between the units. It is important
to note this red cable feeds out of the low voltage box from the ethernet base controller (EBC) module on
the interface board to the ERM on the PLC. Moreover, a power cable feeds through the right side of the
low voltage box and connects to an outlet on the ground. This is displayed in Figure 9, with the low
voltage box positioned to the right of the high voltage box.

Figure 9. Current configuration of low-voltage box (left) and
high-voltage box (right), connected by a conduit.
The USB-4761-BE DAQ was hooked up to the team computer via USB to communicate with the LabVIEW
program. The PolyGAIT PC is stationed at a desk next to both voltage boxes in front of the conveyor loop
displayed in Figure 10.
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Figure 10. PC operation station.
2.4 Software Development
Developing software for the prototype involved various programs such as NetEdit and PLC wizard for
module configuration to the PC’s network. The rest of development revolved around the use of
LabVIEW.
2.4.1 Net Edit, PLC Wizard
After assembly of the physical components of the control system was completed, electronically
configuring each element was necessary to facilitate signal communication. The system was designed to
use ethernet cables and communicate via TCP/IP, meaning each device in the system needs to be under
the same network. Technically speaking, this means that the IP addresses for components (ERM, EBC,
Input Module, Output Module) need to have IP addresses with the first three terms identical. The network
chosen is 192.168.1.xxx, where “xxx” denotes the term that differs in each device. To change these IP
addresses a software package called DSLaunch 4 was installed on the systems PC. This package includes
various applications for managing an Automation Direct PLC control system. One application, called
NetEdit3, allows the user to see all the devices on the ethernet network and manually change the specific
IP addresses to match the chosen network.
After the devices were correctly added to the IP network, the next step was to configure them according
to the existing PLC. Another application call ERM Workbench established an ethernet connection
between the PLC and the Terminator board (EBC). Ultimately, performing the software’s setup procedure
programmed the remote input and output modules with the same signal callouts that exist in the PLC.
A third application from the same Automation Direct package called DirectSoft32 was used to run,
program, and test the PLC ladder logic that controls the mechanical functions of the conveyor such as the
motors, diverters, and speed input. The original ladder logic was written by George Ferrell but was edited
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and tested to fit the project scope. DirectSoft32 takes in the signals from the LabVIEW program
(described in the following section) and combines them with logic functions to produce output signals
that are sent to the EBC.
2.4.2 LabVIEW
The graphical programming software LabVIEW was used to control the conveyor using RFID signals,
digital inputs from the photo eye sensors, and digital outputs to control the conveyor diverting and
variable speed. A virtual instrument (VI) was created to control distinct functions of the conveyor. See
Appendix A for fully annotated code for the VI.
2.4.2.1 LabVIEW Basics
In order to explain the basic code functionality, it is important to first understand general LabVIEW
blocks and sequences that were used to make up the program. Table 1 provides common blocks and
sequences that were used often.
Table 1. Common LabVIEW blocks and sequences used in programming.
Name and Icon
DAQNavi Read*

Indicator Light for Inputs

Case Structure

Flat Sequence

Function
Reads the signal status of
any port bit of USB-4761
DAQ. Signal is read as a
high (1) signal or a low
(0) signal.
Ex. Read Port Bit 7,
sends read signal (1 or 0)
to “data” indicator.
Takes read signal from
“DAQNavi Read” blocks
and turns on (1) or off (0)
an indicator signal. Signal
is displayed on front
panel but can be hidden.
Executes code within
loop based on different
input cases (i.e. true,
false).
Ex. If “Diverting Switch”
is set to true, write
“Diverting On” to string.

Name and Icon
DAQNavi Write*

Executes code in each
frame from left to right.
Ex. Set “Tunnel 1
Trigger” to true and wait
200ms. Then, set “Tunnel
1 Trigger” to false.

Time Delay

Local Variable

While Loop

Function
Writes a signal to any port bit
of USB-4761 DAQ. Signal
can be written as a high (1)
signal or a low (0) signal.
Ex. Write a high signal (1) to
Port Bit 3.
Reads from and writes to any
control or indicator in the
program.
Ex. Read signal from “PreDivert Zone Sensor”
variable.
Repeats code within loop
after waiting specified time.
Loop continues until it is told
to stop.
Ex. While Loop executes code
every 1000ms until stop
button is pressed.
Waits set amount of time in
data flow before executing
next piece of code.
Ex. Wait 2 seconds.

*LabVIEW block from Advantech software development kit, DAQNavi. must have DAQNavi installed to use block.

2.4.2.2 Reading Photo Eye Sensors
To read the signals of all photo eye sensors on the conveyor, DAQNavi Read blocks and indicator lights
were used to read the signal from every sensor wired to the USB-4761 DAQ input port bits.
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Figure 11. While loops reading the individual photo eye sensor port bits and using indicator lights to
display the status of each photo eye sensor.
As seen in Figure 11, all the sensor signals are being read and turning on an indicator light if the signal is
high. It is worth noting that the Tunnel 1 photo eye sensor is being read in its own loop. This helped
improve the processing time of the code and functionality of the sensor signal as it is read more frequently
than the other sensors.
2.4.2.3 Diverting Function
The diverting function of the conveyor is responsible for raising the diverting bands when a parcel is in
the diverting zone and lowering the diverting bands once the parcel finishes diverting. This is done by
queueing signals from the pre-divert zone photo eye sensor and using a properly timed sequence that is
dependent on how close the packages are together.

Figure 12. Enqueueing photo eye sensor reads for diverting function
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Figure 12 shows the code used to queue the pre-divert zone sensor signals for packages coming in. If the
Diverting Function Switch is on, a divert command is enqueued based on the sensor signal changing from
low to high only.

Figure 13. Dequeuing photo eye sensor reads
Figure 13 shows the dequeuing of divert commands. In the default state (only one package sensed by
photo eye during sequence), the program waits 2 seconds for the package to get the diverting zone, tells
the diverting bands to raise for two seconds, and then lowers the diverting bands (Figure 13). If at any
point a package is sensed between the time the first package being sensed and the diverting bands
lowering, that next package will only wait 1.375 seconds to get onto the diverting bands.
2.4.2.4 Reading and Filtering RFID Scans
To read the RFID signals, LabVIEW needed to access the Ethernet TCP/IP port on the computer that the
RFID readers are plugged into. This was done using LabVIEW blocks related to TCP communication.

Figure 14. Overview of reading and filtering RFID scans.
Figure 14 is the code that is responsible for reading and filtering the RFID scans. The code listens to the
ethernet port identified as Port 4000 and reads 262 bits of information from the port at a time. This is
enough bits to display two complete RFID tag reads and their information at once but is small enough that
the program is able to read the bits and auto-populate their information quickly.
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Figure 15. Filtering the scans by RFID Tag IDs.
Once the scan information is being streamed into the program, a “Match Regular Expression” block is
used to filter the scan information and look for particular tags the user is interested in (Figure 15). For
testing, four separate tag IDs (placed in string “RFID Tag IDs to be Scanned”) were used to match the
scan information. When one of the entered tag IDs appears in the scan information, it shows up in the
“Tag ID Scanned” string. To edit specific tag IDs, see the User Manual in Appendix D.
The portion of code after the expression matching turns the “Tag ID Scanned” string into a single
Boolean indicator so the program can recognize the existence of a scan. This will be used to activate a
trigger, as explained in the following section.
2.4.2.5 Variable Speed Function
The main function of the conveyor is to change the variable speed section to a slower speed if a package
is seen by the Tunnel 1 photo eye sensor but not scanned by the Tunnel 1 RFID readers. If a package is
seen by the photo eye and is successfully scanned, the conveyor should stay at high speed.

Figure 16. Enabling triggers for Tunnel 1 Sensor (left) and RFID Scan (right).
The photo eye sensor and the RFID scans happen quickly and are hard to synchronize in the program. To
help synchronize these signals, “Triggers” were created (Figure 16). Two triggers were made, one for the
Tunnel 1 sensor and one for the Tunnel 1 RFID scans. Each trigger turns on for 200ms when their
respective scan occurs. After the 200ms, each trigger will turn off.

Figure 17. Deciding if conveyor changes speed based off RFID scan and photo eye signal.
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The code for deciding to slow down can be seen in Figure 17. If the Tunnel 1 trigger is on, the code reads
the status for the Tag trigger. In that moment, if the Tag trigger is on, the conveyor stays at high speed. If
in that moment the Tag trigger is off, the conveyor is commanded to change to slow speed for 2 seconds
and then changed back to high speed (shown in Figure 17). The 150ms data flow stall used for the Tunnel
1 trigger was added to better help the photo eye signal and the RFID scan be as synchronized as possible
to ensure the most successful runs.
2.5 Challenges and Lessons Learned
The manufacturing and building phases of the project’s verification prototype introduced many challenges
and lessons. One of the largest obstacles came with learning how to configure all the electrical equipment.
The team members are not automation experts, and resolving these issues required persistent
troubleshooting.
The first major challenge with the manufacturing of the control system involved configuring the ERM
module. This module was purchased as a used part originally, and the team followed instructions
provided by George Ferrell to configure the ERM to communicate with the EBC slave module, a
component in the I/O board. Unfortunately, after assessing the variables involved in configuration, it was
determined that the used ERM module was faulty and could not be used in the control system. To solve
this problem, a refurbished ERM module was purchased directly from the part manufacturer, Automation
Direct.
Another obstacle during system integration was adding the control system devices to the same IP
network. As discussed in the previous Software Development section, the solution was to manually alter
the individual device IP addresses to match that of the main network.
Wiring the input and output modules to the DAQ correctly came with challenges as well. To properly and
safely provide power to all the operational I/O ports, the team consulted with electrical experts from
Automation Direct as well as Ben Carr, Cal Poly’s electrical engineering equipment technician.
The many challenges faced during manufacturing of the verification prototype provided valuable lessons
learned. One lesson being that it can be easier and more time efficient to ask questions of people who
have more technical expertise than to try and solve the problem through trial and error. Another learning
point for the team regarding having issues with control systems, was that it can be helpful to fully restart
the system by disconnecting power and halting signals being sent. This allows for the system and the user
to reset and better assess the issues present.
3.0 DESIGN VERIFICATION
3.1 Verified Design Specifications
The following list of specifications was determined through collaboration between the team, sponsor, and
technical experts during initial discussions of the project scope.
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After making preliminary design decisions and performing a Quality Function Deployment (QFD), this
list of specifications was narrowed down to the six most important characteristics for the team to focus
on: move, track, and divert parcels, regulate conveyor speed, run autonomously, and operate safely.
Based on the scope of the project, any preliminary testing of the design was impractical as system
functions could not be demonstrated until a working control system was in place. The team concluded
that design verification would be exhibited through several tests on the final design, detailed in the
following section.
Measures were taken throughout design creation to ensure the specifications not tested directly were
addressed. Regarding the maintenance, durability, and reliability of the design, the team operated the
conveyor and its control system at least three times per week, running an average of one hour per
meeting. The conveyor never experienced operational issues related to these specifications.
Concerning the ease-of-use specification, the team constructed an intuitive and interactive front panel
layout in the final LabVIEW design to simplify the functions of the extensive block diagrams. The User
Manual, found in Appendix D, was written to ensure that new control operators can understand the
system, how to make edits, and analyze results.
This project design’s budget was funded completely by sponsor Dr. Tali Freed, and there were no
financial obstacles to overcome. Each required component to be purchased was first approved by Dr.
Freed before buying.
3.2 Tests and Results
The team performed a total of seven tests to verify the completed prototype. These procedures included
movement, photo eye tracking, RFID tracking, diverting parcels, conveyor speed, safety, and autonomous
tests.
3.2.1 Movement Test
The movement test assessed whether the variable speed portion slowed down when an RFID scan did not
occur. The LED indicator for the tunnel 1 photo eye was monitored by the user on the LabVIEW front
panel. Recorders noted whether the photo eye for the first tunnel was triggered, and if the conveyer
decelerated for the corresponding package without an RFID tag.
3.2.2 Photo Eye Tracking Test
Three photo eye sensors significant to the speed and diverting functions of the conveyor are located
before the first tunnel, second tunnel, and divertor. The matching port numbers on the output module
were recorded for each photo eye. Data Recorders 1, 2 and 3 each choose one port. While simultaneously
watching the output port for their specified eye sensor and the package as it passes over the corresponding
photo eye, the number of packages that triggered either a positive or negative response were recorded. If
the output module port lights up, the photo eye sensed the package (positive response). If the port did not
light up, the photo eye did not see the package (negative response). Figure 18 shows the LEDs lighting up
on the output module in response to the sensors detecting a parcel.
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Figure 18. Signals lighting up on the output module during the photo eye tracking test.
3.2.3 RFID Tracking Test
In the RFID tracking test, the team looked to evaluate the percentage of packages that were effectively
scanned by the RFID tunnels as the packages travelled around the loop. Observers watched the LabVIEW
front panel and at the same time looked for the package as it passed through an RFID tunnel. If the
LabVIEW program indicated the correct tag ID scanned, then the RFID reader scanned the tag (positive
response). If there was no read or the wrong tag ID was scanned, then the RFID reader did not scan the
tag (negative response). It is important to note that the second tunnel results could not be collected
because the signals from the second tunnel could not be received in LabVIEW. Figure 19 conveys a
positive response as a parcel with an RFID tag ID ending in 1292 was successfully scanned by RFID
tunnel 1.

Figure 19. User interface on PolyGAIT PC with “Tag Scanned” indicator lit up green.
3.2.4 Diverting Test
The divert parcels test was significant to confirm the functionality of the diverting section of the
conveyor. Not only does this test analyze the operation of the mechanical aspect of the diverting section
to see how well the elastic bands lift and move parcels, but it also investigates the programming of photo
eye signals to recognize packages and divert them at the proper time. A successful example is
characterized by a package that is both seen by the photo eye and effectively diverted. Figure 20 depicts a
correctly diverted package as it leaves the rollers and moves onto the inclined section.
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Figure 20. Package successfully diverted in the divert parcels test.
3.2.5 Conveyor Speed Test
The conveyor speed test measured and evaluated the velocity of packages traveling at both the slow
conveyor speed and the high conveyor speed on the variable speed section. Two timers measured the time
between LED signals on the output module, triggered by the photo eye sensors as the package travelled a
consistent length of the variable speed section of the conveyor. All times were recorded for about 10-20
packages at each speed setting, as well as the exact distance travelled by each parcel. Then, the average
times and velocities were computed.
3.2.6 Safety Test
The safety test had the purpose of finding the minimum and maximum weights of packages that could be
sent around the conveyor safely at the high-speed setting. To prepare for this test, the team loaded parcels
with weights varying from about 5-50 pounds. To accommodate for the added weights, the team used a
bigger carboard box instead of the small plastic container for the last three test parcels. If any did not
move on the rollers or looked like it would project off the conveyor, the package weight was recorded as a
failure. At the maximum weight, the box broke as shown in Figure 21.

Figure 21. Heaviest weight used in the safety test resulted in a broken box.
3.2.7 Autonomy Test
The last test was the autonomy evaluation, verifying the overarching goal of the project to create a
“smart” conveyor that eliminates human intervention. Examining how each conveyor component
communicates with each other, the test ensures the correct operations occur in correspondence to specific
signals being sent and received. During this test, observers determined whether the RFID for each
package was scanned and maintained a fast speed, or was not scanned and slowed down, both indicating a
pass. The recorder also indicated when a package was scanned but slowed down, representing a pass but
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noting that the RFID scan was delayed or too early, forcing the conveyor to move at a slower pace. The
last option conveys a failure, when a package was not scanned and remained at a fast speed. With this
test, it is important to note that there was a source of human intervention to keep packages centered on the
conveyor, as this is one limitation of the system taking away from the results.
Numerical results specific to each test is communicated in 3.2.8 Data Collection and Analysis section.
3.2.8 Data Collection and Analysis
Most of the numerical data collected during testing consisted of the number of packages that completed
the test successfully, although the speed and safety tests collected data on package speed and package
weight.
Success rates were determined by dividing the number of packages that succeeded in a test run by the
total number of packages run throughout the test. The following table summarizes the success rates for
five of the tests.
Table 2. Success rate testing results.
Test Results
Photo eye tracking
RFID tracking
Diverting
Slow Down
Autonomy

Success Rate
96-100%
98%
96%
98%
100%

It is worth noting that the autonomous test results are separated in the to show that 70% of the packages
were scanned successfully and not slowed down while 30% of the packages were not scanned by the first
tunnel but were slowed down to allow for easier scanning in the second tunnel.
Numerical results for the speed and safety tests are shown in Table 3. The speed test results included
finding the high speed, the low speed, and the difference in the average high speed and average low
speed. The safety test results include the minimum and maximum package weights.
Table 3. Speed test results.
Test Results
Speed (ft/s)
Low Speed
4.92
High Speed
10.90
Speed Difference
5.98
The speed values were calculated by finding the time span between the two eye sensor signals being
triggered and dividing the distance between the eye sensors by this elapsed time. Average velocities were
found from the data and were compared to find the difference between them.
Due to the nature of the data collection for this test, there are some uncertainties associated with these
measurements. The uncertainty in these results comes from the two measurement devices used. To
measure the distance between the two eye sensors, a tape measure was used, and the resolution was found
to be 0.0625 inches. Moreover, the resolution of the timing device quantifying the amount of time it took
for a package to get from the first photo eye to the second photo eye was 0.01 seconds. The uncertainty in
the velocities was calculated to be ±0.03 ft/s. The high-speed setting is important because the goal is to
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match industry standard speed, but the uncertainty in the low speed and the difference between the two
speeds is less critical because the overall goal was just to decelerate the packages enough to increase the
probability of an RFID scan in the second tunnel. With an uncertainty of ±0.03 ft/s, the high speed is
guaranteed to meet industry standards, and the other speed measurements can be reliable.
Table 4. Safety test results.
Test Results
Min. Package Weight
Max. Package Weight

Value (lbs)
1.8
43

The safety test results include a minimum package weight to successfully complete a lap around the
conveyor loop, as well as a maximum package weight to ensure user safety and avoiding any damage to
the package. The resulting weights shown in Table 4 are guidelines based on what the team observed
during testing. Observations included heavy packages being impeded by the inclined belt after the
variable speed section, and top-heavy packages tipping over during the transition from the speed rollers to
the inclined belt. One advantage to note is that the heavier packages made it down the gravity rollers well
in comparison to the lighter parcels. To determine the weights, a standard bathroom scale was used which
has inherent uncertainty in the resolution and possible bias. This uncertainty is not critical because users
should be well within this range when using the PolyGAIT conveyor as the test packages are about 10 lbs.
But, if a user is approaching one of these extrema, the associated uncertainty is ±0.1 lbs, so all packages
should be watched carefully near these limits.
Since the uncertainties associated with these tests are related to completely different aspects of the
conveyor, there is no error propagation to be concerned with. Package speed on the variable speed section
of the conveyor should not be affected by package weight and vice versa. All test procedures, results, and
numerical data are included in Appendix F within the Test Procedures.
3.3 Challenges and Lessons Learned
The testing processes were important to ensure our mechanical, electrical, and programmed designs were
operating as expected to verify the specifications of the conveyor. The tests provided insight to what the
conveyor and control system did well, in addition to a few new challenges with the programming.
One challenge occurred during the diverting test. This test showed that if two packages were too close
together, the first package would not finish diverting before the second package passed the photo eye
sensor. This resulted in the LabVIEW program not recognizing the second package’s presence, so the
second package would pass the diverting zone without triggering the diverting bands. The test was
initially considered a failure since too many packages passed through the diverting zone without getting
diverted, not meeting the 95% success threshold. After observing this problem, the diverting code was
altered and tested to include a queuing function that “queues” divert commands from the pre-divert photo
eye sensor. This made it so if two packages are close together, the LabVIEW program queues the second
package’s signal. There is a standard 2 second wait time when the photo eye sees the first package.
However, if the signal is queued while the first package is being still being diverted, the program decides
to wait 1.375 seconds from when the diverting bands lower before triggering up again. This ensures the
closer package does not pass the diverting section before the diverting bands raise up. After iterating and
testing this new code to work effectively, the diverting test procedure was conducted again to see if the
packages had any trouble being diverted while being closer together. As seen in Table 2, the test was
passed the second time around with a 96% success rate.
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Another issue brought to attention by the testing procedures involved the slowing down of the conveyor.
During preliminary run-throughs of the movement test, the team noticed that occasionally, packages
without RFID tags would cross the photo eye sensor located before the first RFID Tunnel and the signal
from the sensor would not be recognized in LabVIEW (although the corresponding light on the
Terminator Input Module would turn on, indicating successful electrical connections). When this
happened, the slow function of the conveyor was not triggered and the package without an RFID tag
stayed at full speed, contradicting the main point of the conveyor slow down function. After analyzing the
code, the likely cause of the problem was that all the photo eye sensors were being read in the same while
loop possibly causing the processing speed of the code to be slower and not iterate enough times to see
the signal from the photo eye sensor as the package travelled at high speed. To fix this, the code used to
read the photo eye sensor before the first RFID Tunnel was placed in its own while loop, making it so the
processing speed of the loop was unaffected. After testing more packages without RFID tags, this
problem was not seen again.
Lastly, during the autonomous test, there were a fair number of packages with RFID tags that were
scanned by the RFID readers but still slowed down. As mentioned in section 3.2.3, this is not considered
a failure, since the package was still scanned, and slowing down the package still increases the probability
of scanning at the second tunnel. However, if the package is scanned, it would be ideal that it stays at a
high speed so following packages are not affected. The previous code when this was a problem used the
photo eye sensor signal before RFID Tunnel 1 and incorporated a “Stall Data Flow” block to try and
synchronize the LabVIEW signal from the photo eye sensor with the RFID tag scan to confirm that the
RFID was scanned and keep it at high speed. However, often the timing on the photo eye signal, the
RFID tag scan, and the Stall Data Flow delay would not line up causing many packages to slow down
even if they were scanned.
To fix this timing issue, the code was altered to use the photo eye signal to turn on a “trigger signal” in
LabVIEW that would stay active long enough for the RFID scan information to be registered in
LabVIEW and tell the conveyor to keep a high speed. This trigger is on for long enough that it waits to
read the RFID but is not too long that it is active long after the RFID has stopped scanning (which would
make it slow down). This version of the code was used for the Autonomous test. After the test was
complete, it was realized that the number of unintentional slowdowns was decreased, but still happened a
fair amount (30% of the time). To decrease the number of unintentional slowdowns, the code was altered
to add a “trigger signal” forced by RFID scans, similar to the “trigger signal” used for the photo eye
sensor signals. This iteration makes the program timing more consistent. Unintentional slowdowns are
still possible with the system, but once again, they are not a failure of the design since slowing down the
conveyor acts errors on the side of caution as a fail-safe mechanism.
One of the more important lessons learned throughout the testing and verification process was being able
to adapt and change things on the fly. Many iterations to the code and user interface of the LabVIEW
program had to be made due to the tests. It is important to note how long testing and iterating can take,
and it is smart to be flexible and make time for all the changes. Similarly, many of the test procedures
were written before all the functions of the conveyor were working properly, so it was difficult to write
specific steps and operations for the tests. Before starting each test, portions of the testing procedures
were rewritten to accurately describe the necessary steps to execute the test. This way, if any of the tests
need to be repeated in the future, anybody conducting the tests should be able to follow the procedure
with the help of the User Manual as needed.
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4.0 DISCUSSION & RECOMMENDATIONS
The team learned a great deal about this design challenge as we collaborated to complete the project. Not
only did the team gain skills speaking to experts in the automation field, but also achieved a greater
understanding of how all control system modules should be configured to communicate with each other
and the control program.
If we were to continue the design, the team would focus on differentiating the scans from the second
RFID tunnel within the LabVIEW program. Currently, LabVIEW intakes RFID signals from the first
tunnel only, which triggers the necessary slow-down function for missed scans. However, information
from the second RFID tunnel scans do not appear in LabVIEW thus the diverting section could not be
programmed based on RFID scans. Moving forward, investigating how to separate RFID scans from
multiple tunnels is necessary to connect the diverting function to the decelerating function. Therefore,
when the RFID scan is missed again in the second tunnel, the package can be diverted as a result.
Ultimately, filtering the RFID tag scans to show only specific tag IDs is the next step to building an
program that more completely meets the customers’ needs.
A physical change that would improve overall operation of the conveyor loop would be to electrically
power the entire variable speed section. Currently, the eight rollers at the end of the section spin freely
and are not connected to the powered motors, causing packages to occasionally get stuck when traveling
at a low speed.
After performing all tests, some other recommendations to improve operation and testing on the conveyor
include using wider packages that always get seen by the photo eye sensors, placing packages at least four
feet apart to prevent pile up as mentioned in the User Manual in Appendix D, and placing RFID tags on
the outside of the packages to increase probability of successful scans.
5.0 CONCLUSION
The PolyGAIT Conveyor Loop Upgrade proposed a challenge to refurbish the existing conveyor loop on
Cal Poly’s campus and implement an innovative control system that can scan and track packages with
RFID technology to perform necessary decelerating and diverting of packages. The team was successful in
achieving each function. After the program was finalized and tested, the conveyor could decelerate
packages when the first tunnel RFID scan was missed. In addition, the diverting function could be turned
on and off with a switch on the user interface.
The team did not implement scans from the second RFID tunnel into the design. Full completion of the
design would include distinct RFID scans from the second tunnel in LabVIEW. Main factors for this
incompletion include limited understanding of the Alien RFID equipment and project time constraints.
After reflecting on the team’s achievements over the past year, there are a few aspects that would have been
done differently if thlabve project were completed again. More constant and thorough communication
between the team, sponsor, and automation expert may have eliminated misconceptions regarding project
scope during the first few months of work. This may have allowed earlier progression towards final project
goals; however, any design challenges will present inevitable adversities. With that said, the team is proud
of the final prototype functionality achieved as well as the skills and knowledge obtained along the way.
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APPENDIX A – Annotated LabVIEW Code

A-1

Figure 22. Annotated Lab View Code included all functions.
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APPENDIX B – Project Budget

Figure 23. PolyGAIT Project Budget.
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APPENDIX C – Risk Assessment
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Figure 24. PolyGAIT Conveyor Risk Assessment.
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APPENDIX D – User Manual
Safety Hazards
There are a few safety hazards to be considered when operating the conveyor loop. With the potential to
use packages of varying sizes and weights in this system, moving objects at fast speeds as well as
decelerating packages may bring the risk of boxes projecting off the conveyor if they are too light or top
heavy. Additionally, heavy parcels bring about a lifting hazard to the users as the packages must be
placed on top of the conveyor by hand.
Another risk to be considered is the noise level of the conveyor, which consistently remains at a level
between 80-100 decibels. This can potentially cause harm overtime when individuals are exposed for
many hours at a time.
It is important to also be concerned about the rollers when the conveyor is powered on. The revolving
movement of these metal components cause pinch points and can injure users if one touches the conveyor
in the two powered sections of the conveyor.

Figure 25. Rollers are used in the variable speed and diverting sections of the conveyor.
The main safety hazard to address is the high voltage exposure. As seen in Figure 26, there are two
voltage boxes utilized in the design. With the high voltages at 280V separated from the low voltages at
24V, any dangers that may be caused by the high voltages can be avoided. The box on the right is meant
to stay closed nearly permanently unless any significant maintenance is occurring.

Figure 26. Configuration of low-voltage box (left) and high-voltage box (right).
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To address these concerns, there is not any personal protective equipment necessary to mitigate these
risks, but important instructions to follow when operating and maintaining the conveyor. It is essential
that two people lift heavy packages onto the conveyor. In addition, before the power is turned on, all
operators must stand at least 1 foot away from the conveyor and the high voltage box should be checked
that it is securely fastened.
Another aspect of the conveyor to be brought to attention is the emergency stop mechanism imbedded in
the conveyor system along the variable speed section and diverting section and built into the high voltage
box. The emergency stop button is located on the far-left side of the front of the high voltage box picture
in Figure 26. Figure 27 shows the cord that will also cut of the power immediately when pulled.

Figure 27. Emergency-stop pull cord inside the loop along the
variable speed and diverting sections of the conveyor.
With these two emergency-stop mechanisms at the user’s disposal, it is critical that at least one individual
would be ready to initiate one when necessary.
With regards to any work that might be done in the low voltage box, including altering, adjusting, and
fixing the wiring configuration, to avoid the risk of being exposed to the 24V signals, the power should be
disconnected from the Interface Board ahead of time. Furthermore, the Ethernet crossover cable between
the PLC and the Interface Board should also be disconnected when there is no power being supplied to
either voltage box.
The safety of the project is also addressed with the Design Hazard Checklist and Corrective Actions, which
can be seen in Appendix E of the Critical Design Review Report.
Operational Steps
Turning on the conveyor
The operation of this conveyor and control system begins with powering on the conveyor and the control
system. This conveyor is always plugged in but is not supplied power unless the red dial on the lower
right-hand corner of the high voltage box, shown in Figure 28, is in the vertical position with the arrow
pointing towards the line symbol.
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Figure 28. High voltage box dial in “ON” position.
Once the dial is correctly positioned, the interface board located in the low voltage box should be turned
on. The user must unlock the voltage box by sliding the clasps to the right, and then flip both circuit
breakers to the upright position. When this is done, the user should see two green LEDs and one red LED
light up on the Terminator I/O module (T1H-EBC), along with one green LED light up on the Rhino
Power supply module, shown in Figure 29. The low voltage box should then be closed and clasped.

Figure 29. Circuit Breakers in “ON” position and lights on Interface Board.
At this point, the user can turn on the conveyor by pushing the green button on the high voltage box, but
this should not be done until after the control program is booted up unless the user just wants to check
that the conveyor is still functional.
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Running the LabVIEW program
The PolyGAIT PC is located on a desk to the left of the voltage boxes in the PolyGAIT lab. The user
should turn on the PC by pressing the silver power button on the side of the OnLogic Computer until it
lights up blue.

Figure 30. Power button on the computer.
The monitor should be woken up and the user should log-in with a password “polygait”.
Next, click on the “Conveyor Control System” folder on the desktop. If it is not there, search for the
folder name in the file explorer.

Figure 31. Desktop of PolyGAIT PC showing location of “Conveyor Control System” folder.
Once in the folder, open the LabVIEW Virtual Instrument (VI) called “Conveyor Control System”.

Figure 32. File explorer showing location of “Conveyor Control System” VI.
This will open a Front Panel for the conveyor control system that will display all functionalities of the
control system, as seen in Figure 33.
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Figure 33. Conveyor Control System Front Panel.
The program can begin running before the conveyor is powered on. To begin the program, click the white
“Run” arrow in the top left-hand corner of the Front Panel. The white “Run” arrow should change to a
black arrow to indicate that the program is running.

Figure 34. Location of the “Run” arrow in the LabVIEW Front Panel.
If at any time the program needs to be stopped, the rectangular “Stop” button on the Front Panel can be
clicked to stop the program. Similarly, the “Abort” button in the top left-hand corner will also stop the
program. If either of these buttons are pressed, all functionality of the control system will stop operation.
Be aware that neither of these buttons stop the conveyor itself, just the control system.

Figure 35. “Stop” button (left) and “Abort” button (right) on the Front Panel.
Package Speed Control Function
The main functionality of the conveyor control system is to slow down packages that don’t get scanned in
the first RFID Tunnel. The parts of the front panel relating to this function are shown in Figure 36.
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Figure 36. Speed Control Interface on Front Panel.
Once the program is running, this function will begin. After a few seconds, the “RFID Scan Information”
textbox will begin automatically populating scan information from the RFID readers. As a package enters
the first RFID tunnel, it will be seen by a photo eye sensor. When this happens, the “Tunnel 1 Sensor”
indicator light turns on.
Whenever an RFID tag is scanned by the RFID readers in the first tunnel, it’s tag ID will appear in the
“Tag ID Scanned” textbox. At the same time, the “Tag Scanned” indicator light will turn on.
If the “Tunnel 1 Sensor” light turns on, and at the same time or slightly after the “Tag Scanned” light
turns on, the conveyor will continue to operate at the high speed. If the “Tunnel 1 Sensor” light turns on
but the “Tag Scanned” light either doesn’t turn on or turns on too late, the conveyor will slow down to
increase the chance that the package gets scanned at the second RFID tunnel.
Diverting Function
Another component of the conveyor control system is the diverting function (Figure 37)

Figure 37. Diverting Function Interface on Front Panel.
The diverting function can be enabled or disabled at any time using the “Diverting Function Switch”.
When enabled, packages will be diverted when they arrive to the divert zone if they are seen by the predivert zone photo eye sensor. The “Pre-Divert Zone Sensor” indicator lights up when a package is seen by
the sensor, indicating that the package will be diverted.
The “Direction Selection” menu has three options for diverting direction: Left, Right and Random. When
set to Left or Right, the packages will be diverted accordingly. When set to Random, the randomized
direction will appear in the “Random Direction” textbox when the “Pre-Divert Zone Sensor” indicator
lights up.
Package Location Map
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The Package Location Map (Figure 38) shows indicator lights that correspond to different locations on
the conveyor loop. When a package is covering a photo eye sensor, the corresponding light on the map
turns on.

Figure 38. Package Location Map on Front Panel.
Changing the RFID Tags to be Scanned
The default control system configuration looks for the scans of four RFID tags in the PolyGAIT lab,
which have the following Tag IDs:






0504 3008 0000 0000 0000 1290
0504 3008 0000 0000 0000 1291
0504 3008 0000 0000 0000 1292
0504 3008 0000 0000 0000 1293

If you would like to test additional or different RFID Tags, you must enter the Tag IDs of the new tags in
the LabVIEW block diagram. To do this, begin by pressing CTRL+E when on the front panel
(alternatively select Window > Show Block Diagram). The block diagram should appear. Navigate to the
while loop that is labeled “RFID Tag Processing” near the top of the block diagram (Figure 39).

Figure 39. RFID Tag Processing while loop in block diagram.
Next, expand the “RFID Tag IDs to be Scanned” string constant by dragging the box larger to show all
the current IDs (Figure 40).
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Figure 40. Expand “RFID Tag IDs to be Scanned” string constant
You can then add or delete any Tag IDs you wish. Be aware of the formatting. Tag IDs must be formatted
as shown in Figure 40, with parentheses surrounding each Tag ID and an “OR operator” (|) separating the
IDs with no spaces between IDs. An example is shown below:
Example: If your two Tag IDs are “0504 3008 0000 0000 0000 1290” and “0504 3008 0000 0000 0000
1291”, you would format them in the “RFID Tag IDs to be Scanned” string constant as the following:
(0504 3008 0000 0000 0000 1290)|(0504 3008 0000 0000 0000 1291)
Running the conveyor
Once the LabVIEW program is running, the conveyor can be turned on. The user should ensure that
packages are placed spaced apart on the conveyor and that they are within the specified weight range (5
lbs – 35 lbs). Each package should also have an RFID tag placed on top of the package to ensure proper
use of the control system. Ensure that there is nothing on the conveyor that is not authorized to be on it
and ensure nothing is in the way of the conveyor loop path. Ensure all users and spectators are a safe
distance away from the conveyor and from all its moving parts and pinch points. Once all these steps are
completed, look at the high voltage box panel (shown in Figure 41).
Stop Button

Emergency Stop

Buzzer Indicator
Light

Start Button

Speed Selection
Switch

Figure 41. High Voltage Box Panel, with labels for buttons and switches
Ensure the speed selection switch is in the middle, upwards position. This allows the LabVIEW program
to control the speed of the variable speed section of the conveyor. In this position, the default speed is
high speed. Once ready, press the green button on the front of the high voltage box to run the conveyor.
The conveyor will make 4 buzzer sounds as the buzzer indicator light flashes to warn that the conveyor is
about to start. They conveyor rollers will begin turning.
Users should not leave the room that the conveyor is in while it is running, and users should always
remain at least 1 foot away from the conveyor.
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Repair Procedures
Control System
Any issues with the control system on the programming side must be analyzed using the software
applications on the PC. To perform these repairs, the conveyor motors must be turned off using the red
“stop” button on the front of the high-voltage box. Power to both the low- and high-voltage boxes must be
removed using the circuit breaker switches and main control knob, respectively. If changes to the PLC’s
ladder logic are deemed necessary, the user must establish a connection between the PC and PLC using
the RJ45 serial to USB adapter cable. Once the serial cable is “clicked” into the corresponding serial port
on the DL240 CPU module shown in Figure 42, the switch on the same module must be changed from
“run” to “term” position. This configuration allows the user to edit the ladder logic using the following
steps: Open DSLaunch  Select DirectSoft32  Click Open  Find “PolyGAIT” folder  Open file
named “PolyGAIT Main”. Once open, the user may edit the logic as necessary and can select “Write to
PLC” to save it.

Figure 42. DL240 CPU module.
Elastic Bands
A mechanical component necessary for effective package diversion is the elastic band system, seen in
Figure 43. During operation, these elastic bands will undergo fatigue and may be warped, causing failures
during diversion. If this is the case, the warped bands must be removed and new bands must be
manufactured. To remove the warped bands, the adjacent metal rollers must also be removed. This is
done by applying force to one side of the roller while also lifting straight up. Once one side is removed
from the foundation mechanism the other side will slide out smoothly. After the rollers are removed, the
damaged band can be cut using a standard pair of scissors and taken out by the user with a light pull.
Steps for manufacturing of new elastic bands can be found in the Manufacturing chapter of this report.
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Figure 43. Diverting section with newly manufactured elastic bands.
Conveyor Rollers
During operation of the conveyor, other mechanical components that may fail are the metal rollers. There
are two types of rollers incorporated in this conveyor system, standard large rollers seen in Figure 43,
used for movement across flat sections, and small rollers used in the two gravity-powered sections, seen
in Figure 44. These rollers may stop rotating due to buildup of frictional forces, causing the packages to
get stuck. To repair this issue for any irrotational large rollers, they must be removed from the system as
described above. To decrease the friction, the rollers must be stood up vertically while the user applies a
lubricant such as WD40 to the axel. The same lubricant can be used for the small rollers; however, these
rollers cannot be removed from the conveyor so the liquid must be applied directly to the axel.

Figure 44. Gravity-powered rollers.
Parts List
A modified version of the Bill of Materials is presented in Table 2 to identify each of the parts used in this
design along with their original source and additional information that may be necessary if any of these
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parts were misplaced or broken. Several of the parts listed are considered “legacy parts” as they were used
with the conveyor prior to the beginning of this project. Their original suspected source is listed in Table
2 for any future students to reference if George Ferrell is not available to provide context on the donated
part. The parts are broken up into categories of the control system and the mechanical system to make the
table easier to navigate.
Table 2. Full parts list for PolyGAIT Conveyor Control system and refurbishment project along with part
sources and quantities.
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APPENDIX E – Design Verification Plan and Report

E-1

Figure 30. Completed Design Verification Plan and Report.
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APPENDIX F – Test Procedures

Test Procedure 1

Team: F73 PolyGAIT Conveyor Upgrade
Test Name: Movement Test
Purpose: The purpose of this test is to ensure that the variable speed portion of the conveyor slows
down when the RFID is not triggered.
Equipment:




Test Packages (with RFID tags)
Operational Conveyor
Operational control system RFID scan and slow down function

Hazards:





Pinch points
High voltage exposure
Moving objects
Noise (between 80-100 decibels)

Facility: PolyGAIT Laboratory
Procedure:
1) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
2) Pre-test configuration
a. With the conveyor off, evenly space 4 test parcels around the conveyor and remove
any RFID tags from the test parcels.
b. Open LabVIEW.
3) Data Collection
a. Start the conveyor using the green start button on the front of the high voltage box.
i. Ensure variable speed portion of the conveyor is running, originally at high
speed.
b. Run “Changing Speed Function.vi” LabVIEW program.
c. Observe to see if “Tunnel 1 Eye Sensor” is triggered in LabVIEW program and
observe to see if variable speed portion of conveyor slows down after parcel travels
through RFID tunnel 1.
i. Record whenever variable speed portion slows down as “Pass” in Table 1.
ii. Record whenever variable speed portion does not slow down after parcel
travels through tunnels as “Fail” in Table 1.
d. Repeat process for 100 packages.
e. Record total number of runs and percent error to runs failed to total runs in Table 2.
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Results:
Table 1. Successful slowdown of variable speed. (100 & 75)
Package

Pass/Fail

Package

Pass/Fail

Package

Pass/Fail

Package

Pass/Fail

Package

Pass/Fail

1

P

21

P

41

P

61

P

81

P

2

P

22

P

42

P

62

P

82

P

3

P

23

P

43

P

63

P

83

P

4

P

24

P

44

P

64

P

84

P

5

P

25

P

45

P

65

P

85

P

6

P

26

P

46

P

66

P

86

P

7

P

27

P

47

P

67

P

87

P

8

P

28

P

48

P

68

P

88

P

9

P

29

P

49

P

69

P

89

P

10

P

30

P

50

P

70

P

90

P

11

P

31

P

51

P

71

P

91

P

12

P

32

P

52

P

72

P

92

P

13

P

33

P

53

P

73

P

93

P

14

P

34

P

54

P

74

P

94

P

15

P

35

P

55

P

75

P

95

P

16

P

36

P

56

P

76

P

96

F

17

P

37

P

57

P

77

P

97

P

18

P

38

P

58

P

78

P

98

P

19

P

39

P

59

F

79

P

99

P

20

P

40

P

60

P

80

P

100

P
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Test Date(s): 5/16/2022
Test Results:
Table 1. Final Test Results.
Number of Successful Runs

Percent Error

98

2%

Performed By: Entire team

Notes:
Parcels get stuck on rollers that aren’t powered after they’re slowed down
Error with code, “Can’t perform specified task” – code was still working, but would pause our testing
Our two failed slowdowns were due to packages being too close to one another.
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Test Procedure 2
Team: F73 PolyGAIT Conveyor Upgrade
Test Name: Conveyor Parcel Tracking Test – Photo-Eye Sensor
Purpose: The purpose of this test is to measure and evaluate the percentage of packages that trigger a
positive response, indicating that they have been sensed by the photo-eyes as the packages travel at a
constant velocity around the loop.
Equipment:





Test Packages (with RFID tags)
Operational Conveyor
Photo-eye sensors
Access to the PLC inside the high voltage box

Hazards:





Pinch points
High voltage exposure
Moving objects
Noise (between 80-100 decibels)

Facility: PolyGAIT Laboratory
Procedure:
4) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
5) Pre-test configuration conveyor components
a. Attach photo eye sensors to various locations around the conveyor loop:
i.
before diverting section
ii.
after diverting section
iii.
before first RFID tunnel
b. Set conveyor system speed to 2 ft/s speed by turning VFD dial all the way to the left
prior to turning on the power.
c. Place 4 test parcels evenly spaced throughout the conveyor loop, not over any
photo-eyes.
d. Place object over each eye sensor and see which light indicator on the output
module Led lights up in the low voltage box. Record the port number the light
indicator corresponds to.
i.
Eye Sensor 1 port: __0___
ii.
Eye Sensor 2 port: __4___
iii.
Eye Sensor 3 port: __7___
e. Ensure testers are ready to measure data
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i.

ii.

iii.

iv.

Data Recorder 1 – while simultaneously watching the PLC port for Eye
Sensor 1 and the package as it passes over the corresponding photo-eye,
record the number of packages that trigger either a positive or response.
Data Recorder 2 – while simultaneously watching the PLC port for Eye
Sensor 2 and the package as it passes over the corresponding photo-eye,
record the number of packages that trigger either a positive or response.
Data Recorder 3 – while simultaneously watching the PLC port for Eye
Sensor 3 and the package as it passes over the corresponding photo-eye,
record the number of packages that trigger either a positive or response.
Quality Assurance Specialist – ensure conveyor system is running correctly
while packages move around the loop.

6) Data Collection
a. Start the conveyor using the green start button on the front of the high voltage box.
b. Ensure each data recorder has a clear view of the output module LED corresponding
to their specific photo-eye as the packages begin moving clockwise around the
conveyor.
c. Data recorders will tally positive or negative responses for each parcel that passes
their given photo-eye. If the output module port lights up, this means that the
photo-eye sensed the package (positive response). If the port does not light up, the
photo eye did not see the package (negative response).
d. Repeat process for 50 packages.
Results:
Table 1. Recorded response for each parcel that passes an eye sensor.
Package Response
#
1
Positive
Negative
2
Positive
Negative
3
Positive
Negative
4
Positive
Negative
5
Positive
Negative
6
Positive
Negative
7
Positive
Negative
8
Positive
Negative
9
Positive

Eye Sensor 1

Eye Sensor 2

Eye Sensor 3

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X
X

X

X

X

X

X
X
X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Test Date(s): 5/11/2022
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Test Results:
Calculated
Values
Total number
of positive
responses
Total number
of negative
responses
Percentage of
packages seen
by photo-eye

Eye Sensor 1

Eye Sensor 2

Eye Sensor 3

48

48

50

2

2

0

96%

96%

100%

Performed By: Entire team
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Test Procedure 3
Team: F73 PolyGAIT Conveyor Upgrade
Test Name: Conveyor Parcel Tracking Test – RFID
Purpose: The purpose of this test is to measure and evaluate the percentage of packages that trigger a
positive response, indicating that they have been scanned by the RFID readers as the packages travel at
a constant velocity around the loop.
Equipment:






Test Packages (with RFID tags)
Operational Conveyor
Alien RFID tag readers
High voltage box modules
PolyGAIT PC

Hazards:





Pinch points
High voltage exposure
Moving objects
Noise (between 80-100 decibels)

Facility: PolyGAIT Laboratory
Procedure:
7) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
8) Pre-test configuration conveyor components
a. Place 4 test parcels evenly spaced throughout the conveyor loop, not under any
RFID readers with RFID tags placed on top of package with corresponding Tag ID
labelled on box.
b. Ensure testers are ready to measure data
i.
Data Recorder 1 – while simultaneously watching the PolyGAIT PC and the
package as it passes over RFID Tunnel 1, record the number of packages
that trigger either a positive or negative response in the LabVIEW
program.
ii.
Data Recorder 2 – while simultaneously watching PolyGAIT PC and the
package as it passes over RFID Tunnel 2, record the number of packages
that trigger either a positive or negative response.
iii.
Quality Assurance Specialist – ensure conveyor system is running correctly
while packages move around the loop.
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9) Data Collection
a. Start the conveyor using the green start button on the front of the high voltage box.
b. Ensure each data recorder has a clear view of the PolyGAIT PC as the packages begin
moving clockwise around the conveyor.
c. Data recorders will tally positive or negative responses for each parcel that passes
their given photo-eye. If the LabVIEW program indicates the correct tag ID scanned,
this means that the RFID reader scanned the tag (positive response). If there is no
read or the wrong tag ID is scanned, the RFID reader did not scan the tag (negative
response).
d. Repeat process for 50 packages.
Results:
Table 1. Recorded response for each parcel that passes an eye sensor.
Package Response
#
1
Positive
Negative
2
Positive
Negative
3
Positive
Negative
4
Positive
Negative
5
Positive
Negative
6
Positive
Negative
7
Positive
Negative
8
Positive
Negative
9
Positive
Negative
10
Positive
Negative
11
Positive
Negative
12
Positive
Negative
13
Positive
Negative
14
Positive
Negative
15
Positive
Negative

RFID Tunnel 1
X
x
X
X
X (delayed)
X (delayed)
X
X
X
X (early)
X (delayed)
X (delayed)
X

X
X (delayed)
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RFID Tunnel 2

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative

X (delayed)
X
X
X
X (delayed)
X
X (delayed)
X (delayed)
X
X
X (delayed)
X
X
X
X
X
X (delayed)
X (early)
X
X (delayed)
X
X
X (delayed)
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39
40
41
42
43
44
45
46
47
48
49
50

Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative

X (delayed)
X
X (early)
X
X
X
X
X
X
X
X
X

Test Date(s): 5/11/2022
Test Results:
Calculated Values
Total number of positive responses
Total number of negative responses
Percentage of packages scanned by
RFID readers
Packages scans that were delayed
Package scans that were early

RFID Tunnel 1
49
1
98%

RFID Tunnel 2

29%
6.1%

Performed By: Entire team
Notes: Second tunnel results could not be collected because we couldn’t get the signals into LabVIEW.

F-12

Test Procedure 4
Team: F73 PolyGAIT Conveyor Upgrade
Test Name: Divert Parcel Test
Purpose: The purpose of the test is to ensure that the diverting section of the conveyor is functional and
works properly. The test will be conducted after the elastic bands on the diverting rollers are replaced
and welded to proper tensions. The test aims to see how operational the mechanical aspect of the
conveyor is as well as the programming of the photo eye sensor with the control system to recognize
the parcel and trigger the diverting at the proper time.
Scope: The diverting section of the conveyor
Equipment:





Test parcels
Operational conveyor
Photo eye sensor
Operational control system divert function

Hazards:




Pinch points
Moving objects
Noise (between 80-100 decibels)

PPE Requirements: N/A
Facility: PolyGAIT Laboratory
Procedure:
1) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
2) Pre-test configuration
a. Ensure photo-eye sensor in front of diverting section is securely mounted and
operational.
b. With the conveyor off, evenly space about 4 test parcels around the conveyor.
3) Test/Data collection
a. Start the conveyor using the green start button on the front of the high voltage box.
i. Parcels will begin going clockwise around the conveyor toward the diverting
section.
b. Observe to see if parcel is seen by photo eye sensor and note whether or not it is
diverted off of the loop.
i. Record the status of the parcel in Table 1. A successful event occurs when the
parcel is diverted completely off of the main conveyor loop.
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c. If parcel is diverted properly, move the parcel from the diverted zone back onto the
conveyor loop behind other parcels.
d. Repeat process for 100 parcels.
Results: 100 samples, 1 successful sample = Seen by Photo Eye AND Successfully Diverted.
Table 1. Parcel Diverting Success
Parcel #

Seen by Photo Eye? (Y/N)

Successfully Diverted? (Y/N)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
y
Y
Y
y
Y
N
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
y
Y
Y
Y
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Comments

38
39
40
41
42
43
44
45
46
47
48
49
50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
Y
y
y
y
y
y
y
y
y
y
y
Y
y
y
y
y
y
y
y
y
y
y
Y
y
y
y

Y
Y
N
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
y
Y
N
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Y
Y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
y

Table 2. Parcel Diverting Success with Updated Code
Parcel #

Seen by Photo Eye? (Y/N)

Successfully Diverted? (Y/N)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

Y
Y
Y
y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
N
Y
Y
Y
Y
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Comments

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
Y
y
y
y
y
y
y
y
y
y
y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
F-17

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

y
y
y
y
y
y
y
y
y
y
Y
y
y
y
Y
Y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

Y
N
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Test Date(s): 5/11/22
Test Results:
Table 2. Package Diverting Efficiency Results
Total Seen by Photo Eye
100

Total Successfully Diverted
90

Package Diverting Efficiency
90%

Table 2. Package Diverting Efficiency Results with updated code
Total Seen by Photo Eye
100

Total Successfully Diverted
96

Package Diverting Efficiency
96%
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Comments:
Every package that was seen by the photo eye sensor and not successfully diverted was a result of the
spacing of the packages. Packages that are seen by the photo eye while another package is
simultaneously being diverted, will not trigger the divert signal in the control program.

With second diverting test, failed diverting was caused by packages getting moved too far to one side
while they were waiting to be diverted. Since the elastic bands raise when they are diverting, if a
package is too close behind sometimes the bands still cause the package behind them to move due to
friction between the side of the package and the band. This only happened sometimes in certain
package configurations and when the “Random” direction function is on. Changing the “direction
selection” on the front panel in LabVIEW manually to either “Right” or “Left” resolves this failure but
introduces user interaction.
Performed By: Entire Team
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Test Procedure 5
Team: F73 PolyGAIT Conveyor Upgrade
Test Name: Conveyor Package Speed Test
Purpose: The purpose of this test is to measure and evaluate the actual velocity of packages traveling at
both the slow conveyor speed (2 ft/s) and the high conveyor speed (10 ft/s).
Equipment:






Test Packages (with RFID tags)
Operational Conveyor
Photo eye sensors
Timing device (stopwatch/LabVIEW program)
Tape measure

Hazards:





Pinch points
High voltage exposure
Moving objects
Noise (between 80-100 decibels)

Facility: PolyGAIT Laboratory
Procedure:
10) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
11) Pre-test configuration conveyor components
a. Attach photo Eye Sensors 1 and 2 under conveyor a distance apart on the variable
speed section of the conveyor.
b. Measure distance between sensors using tape measure. Record in Results section.
c. Place 4 test parcels evenly spaced throughout the rest of the conveyor, before first
photo eye sensor
d. Place object over Eye Sensor 1 and see which light indicator on the PLC lights up.
Record the port number the light indicator corresponds to. Repeat for Eye Sensor 2.
i. Eye Sensor 1 port: _7___
ii. Eye Sensor 2 port: _6___
e. Ensure testers are ready to measure data
i. Timer 1 – records time between light signals from photo eye sensors and
turns dial from high to low speed before package crosses first photoeye
ii. Timer 2 – records time between light signals from photo eye sensors
iii. Data recorder – Digitally record times for each test package. Position
themselves to see both stopwatches.
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iv. Quality Assurance Specialist – ensure conveyor system is running correctly
while packages move around the loop
12) Data Collection
a. Start the conveyor using the green start button on the front of the high voltage box.
b. Set variable-speed conveyor section to highest speed setting using the dial located
on the right of the high voltage box.
i. Packages will begin going clockwise around the conveyor towards Eye
Sensor 1.
c. Timer 1 should then turn the speed dial to the low-speed setting when the package
is about to cross the first photo eye.
d. Both Timer 1 and Timer 2 start their stopwatches at the same time before the first
package arrives at Eye Sensor 1.
e. Lap timer when Eye Sensor 1 signal is received by PLC. This will be seen by the
corresponding Eye Sensor 1 light indicator on the PLC.
i. Data Recorder records lapped time in Table 1.
f. Lap timer when Eye Sensor 2 signal is received by PLC. This will be seen by the
corresponding Eye Sensor 2 light indicator on the PLC.
i. Data Recorder records lapped time in Table 1.
g. Timer 1 then increases speed back to high-speed setting once package has crossed
over second eye sensor.
h. Repeat process for 10-20 packages
i. Repeat steps a-h, but leave the conveyor at the high speed during the duration of
the test.
Results:
Distance from Eye Sensor 1 to Eye Sensor 2: ___137.75____ inches
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Table 1. High speed measured times for each test run.
Trial
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Timer 1 [sec]
0.85
0.96
1.15
1.02
0.97
1.00
1.12
0.99
0.95
1.02
1.19
1.03
1.06
1.04
1.12
0.92
1.05
1.05
1.03
1.08

Timer 2 [sec]
0.99
1.26
0.97
1.18
0.99
1.19
1.09
1.09
1.19
0.98
1.19
1.09
1.08
0.97
1.04
0.95
1.23
1.09
0.96
1.16

Average Time [sec]
0.92
1.11
1.06
1.1
0.98
1.095
1.105
1.04
1.07
1
1.19
1.06
1.07
1.005
1.08
0.935
1.14
1.07
0.995
1.12

Velocity [ft/s]
12.48
10.34
10.83
10.44
11.71
10.48
10.39
11.04
10.73
11.48
9.65
10.83
10.73
11.42
10.63
12.28
10.07
10.73
11.54
10.25

Table 2. Low speed measured times for each test run.
Trial

Timer 1 (sec)

Timer 2 (sec)

Average Time (sec)

Velocity (ft/s)

Trial 1
Trial 2
Trial 3
Trial 4
Trial 5
Trial 6
Trial 7
Trial 8
Trial 9
Trial 10
Trial 11

2.34
2.35
2.29
2.29
2.36
2.28
2.38
2.24
2.22
2.29
2.32

2.34
2.28
2.29
2.44
2.31
2.24
2.41
2.41
2.32
2.4
2.45

2.34
2.32
2.29
2.37
2.34
2.26
2.40
2.33
2.27
2.35
2.39

4.90
4.95
5.00
4.84
4.91
5.07
4.78
4.93
5.05
4.89
4.80

Test Date(s): 5/12/2022
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Test Results:
Table 3. Average Velocity for low and high-speed settings.
Average High-Speed Velocity
[ft/s]
10.9

Average Low-Speed Velocity
[ft/s]
4.92

Difference between high and
low speed [ft/s]
5.98

Performed By: Entire team
Notes: We tried increasing the deceleration by decreasing the ramp down time for the variable
frequency drive, but it overloaded the system, so the conveyor is currently set for the fastest possible
deceleration.
Uncertainty Analysis
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Test Procedure 6
Test Name: Conveyor Package Safety Test
Purpose: Test the minimum and maximum weights of packages that can be sent around the conveyor
safely at high-speed setting.
Scope: Mechanical conveyor safety at high speed
Equipment:





Test packages
Operational conveyor
Weights (5-50 pounds)
Scale

Hazards:




Moving objects (Packages flying off the conveyor if they are too light)
Lifting hazard for heavy packages
Noise (between 80-100 decibels)

PPE Requirements:




Two people lift heavy packages onto conveyor
Stand at least 1 foot from the conveyor
Emergency stop button working

Facility: PolyGAIT Laboratory
Procedure:
1) Safety considerations
j. Ensure high voltage box is closed and locked.
k. All testers sit or stand at least 1 foot from the conveyor.
13) Pre-test configuration:
a. Load 5 packages with weight varying from 5-25 pounds
b. Weigh packages and record weight for each one
c. Place packages on conveyor at least 3 feet apart from each other in order of
increasing weight
14) Test/Data Collection:
a. Start the conveyor using the green start button on the front of the high voltage box.
b. Set variable-speed conveyor section to highest speed setting using the dial located
on the far right of the variable-speed section.
c. Monitor packages as they go around conveyor and if any odd behavior occurs, push
emergency stop button before package flies off conveyor. If a package does not
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move or looks like it will project off conveyor, or if package does fly off conveyor,
record package weight as failed.
d. Record lowest package weight to successfully make a trip around conveyor
e. Repeat pre-test steps and test/data collection steps a-c for packages 25-50 pounds
f. Record highest package weight to successfully make a trip around the conveyor

Results:
Table 1. Package weight and pass or fail results.
Package

Weight

Pass/Fail

1

1.8

F

2

5.8

P

3

8.2

P

4

11.4

P

5

16.8

P

6

22.0

P

7

33.6

P

8

43.0

F

9
10

Test Date: 5/11/22
Test Results:
Table 2. Minimum and maximum package weight results.
Minimum Package Weight

Maximum Package Weight

1.8

43.0
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Performed By: Entire team
Comments:
-

Heavy weights impeded by ramp
Make it down gravity rollers well
Top heavy packages tip over after variable speed section
Heaviest weight – box broke
For our purposes should not go over ~35 lb
Note: for last three weights, had to use bigger cardboard box
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Testing Procedure 7
Test Name: Autonomy Evaluation
Purpose: This test is meant to verify the overarching goal of the project of creating a “smart” conveyor.
This means that the conveyor control system needs to operate without human intervention.
Scope: This test is meant to examine how each conveyor component communicates with each other and
to ensure the correct operations occur after specific signals are sent/received.
Equipment:



Operational Conveyor
Complete Verification Prototype

Facility: PolyGAIT Laboratory
Procedure:
1) Safety considerations
a. Ensure high voltage box is closed and locked.
b. All testers sit or stand at least 1 foot from the conveyor.
2) Turn power on to conveyor.
3) Slow-down test
a. Send a package with an RFID tag included on variable speed section starting before
first RFID tunnel
b. Observe results with various member roles
i. RFID observer: member looks at program response RFID LED response
ii. Photo eye observer: member looks at program photo eye LED response
iii. QAS: member observes physical response of conveyor
iv. Recorder: member records results and comments
c. Repeat with 99 other packages
4) Turn-off conveyor power
Results: Test passes if at least 90% of packages that do not get scanned successfully slowdown in the
first test, and all 100 packages are diverted in the second test without any human intervention. A failure
occurs if any human intervention is needed to control the conveyor.
Test Date(s): 5/19/2022
Test Results: PASS/FAIL
Package
1
2
3
4
5

Scans/Stays Fast
(Pass)
X

Scans/Slows Down
(Pass*)
X

X
X
X
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Doesn’t Scan/Stays
Fast (Fail)

Doesn’t Scan/Slows
Down (Pass)

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X-MISSED
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

X
X
X
X
XX
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
XXX
X
X
X
X
X
XX
X
X
X
X
X
X
X
X
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98
99
100

X
X
X

70% full success
30% RFID scans delayed or too early
*Human intervention was performed to keep packages centered on conveyor to improve results*
Performed By: Whole Team

Recommendations:





Make sure packages are centered or use wider packages
Conveyor works best when packages are about 4 ft apart
Non-powered rollers at the end of the variable speed portion can get packages stuck: either
lubricate the bearings in the rollers, or power the rollers
Make sure RFID tags are on top of the package
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